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The Variation in Individual Valencia Oranges from Dif- 
ferent Locations of the Tree as a Guide to Sampling 
Methods and Spot-Picking for Quality 
I. Soluble Solids in the Juice 

By John W. Sites and Herman J. Reitz, Citrus Experiment 
Station^ Lake AIjred, Fla, 

T his research was originally undertaken with three objectives in 
mind : 

First, to obtain information which could be used as a guide for ac- 
curately sampling small plots of trees, using a minimum number of 
fruit per sample. 

Second, to aid in outlining a simple procedure for sampling large 
blocks of trees which could be used by commercial packing house per- 
sonnel. In Florida and other citrus areas, shipment of citrus to market 
is possible only if the fruit meets state-enforced ‘'maturity standards’’. 
It is the responsibility of the packer to deliver fruit to the packinghouse 
which meets the minimum maturity standards. A simple and reasonably 
accurate procedure for sampling large blocks of trees minimizes the 
packers risk. 

Third, to secure data on variation of fruit on individual trees so that 
a more accurate job of spot-picking for internal quality can be done by 
commercial pickers. In the past spot-picking has been done largely to 
obtain desired sizes with little attention given to location of fruit on 
the tree. A limited amount of spot-picking, practiced during the past 
few years, has been confined chiefly to grapefruit, with little or no spot- 
picking of oranges. A number of proposals have been made to raise the 
minimum maturity standards and to establish grades based on the 
quantity of the juice. Adoption of such regulations will create the 
problem of distinguishing the high quality fruit on the tree. Grove-run 
early oranges, especially Hamlin and to some extent Parson Brown 
varieties, will not always meet the present minimum standards for 
percentage soluble solids early in the season, and if higher standards 
are adopted spot-picking will have to be used. An understanding of the 
variation which occurs among fruits on the same tree is essential to 
the solution of these problems. 

Data compiled as a result of this study are of further value for test- 
ing the practicalness of using individual fruit rather than composite 
samples for checking compliance with maturity and internal grade 
standards. 

Five different components of the juice were studied: (a) per cent 
citric acid, (b) per cent soluble solids, (c) vitamin C, (d) per cent of 
juice by weight, and (e) volume of juice per fruit. At the time the 
fruit was removed from the tree each fruit was catalogued as to size, 
amount of shade and light it received, color, type of injury, if any, and 
direction of exposure, so that the correlation between these factors and 
the constituents in the juice could be determined. Approximately 1,800 
fruits were removed from the tree and so classified. 

In 1943 preliminary work of a similar nature was done with Va- 
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lencia oranges and Duncan grapefruit, that experiment being less de- 
tailed but involving 18 trees (5). That experiment was largely ex- 
ploratory, and was designed to determine whether large differences 
in fruit composition could be found which were related to position of 
the fruit on the tree. Results showed in general that the soluble solids 
and vitamin C content were higher in fruit taken from the outside of 
the tree than from fruit taken from the inside, with no significant 
differences in titratable acid being found. Winston’s work, also done 
ill Florida, shows similar trends (7). The work of Sites et al (5) 
further showed that fruits from the upper portions of the tree and 
fruits from the south and west sides of the tree were higher in soluble 
solids, vitamin C and titratable acid than fruits from the lower part of 
the tree or from the north and east sides. Wood, working in Texas, 
reported similar differences in Marsh grapefruit as affected by position 
of the fruit on the tree (8). Recently Randhawa and Dinsa (4) re- 
ported work done in India similar to that done in 1943 at this Station, 
but they found no significant differences in acid or soluble solids con- 
tent as affected by exposure, appearance or height. 

These results served as a background for this study. 

Materials and Methods 

In March, 1948 a Valencia orange tree which was considered rep- 
resentative of the variety and was bearing an average crop of fruit 
was selected at the Florida Citrus Experiment Station for use in this 
study. The selected tree, budded on rough lemon root-stock, was ap- 
proximately 28 years old and in good physical condition. The circular 
area under the tree was laid off into approximately 19 degree sectors 
which were plainly marked with large stakes. Thus the area was 
marked off into 19 separate sectors, radiating outward, with the trunk 
of the tree as the focal point (Fig. 2). The sector in which the fruit 
was located was then recorded as the fruit was removed from the tree. 
Each of the main branches was numbered and tagged and the branch 
number was recorded for each fruit as it was removed. The exact 
position of each fruit on the tree within 6 inches was determined by 
the use of long calibrated poles. The distance from the ground to the 
fruit, the distance from the trunk of the tree to the fruit, and the dis- 
tance from the trunk to the periphery of the tree was recorded for each 
fruit as it was removed. 

At the same time each fruit was also classified as to its position in 
relation to shading by the leaf canopy. These classifications included 
‘‘outside-fruit”, which was fruit on the outer fringe of the leaf canopy 
which would receive maximum light available in any specific sector 
of the tree. “Canopy-fruit”, was classified as fruit embedded in the 
canopy of the tree. These fruits were at least partially shaded at all 
times, “Inside-fruit”, was that fruit which hung inside the main body 
of the leaf canopy, relatively close to the trunk, with few leaves be- 
tween it and the trunk. In general, this fruit was in continuous full 
shade at all times. “Top-outside-fruit” included all fruit in the top of 
the tree which was on the outside of the canopy. This fruit received 
full light and was not affected by the direction of light. “Top-inside- 
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fruit” was classified as fruit which was in the top of the tree but was 
embedded in the foliage so that it received direct light only intermit- 
tently. The canopy was thinner in the top than on the sides of the tree 
and this fruit received more light than that which was classified as in- 
side-fruit. 

It will be apparent from these descriptions that the basic character- 
istic used to classify a fruit was the amount of light or of shading to 
which it was subjected. In the remainder of this paper, these classifi- 
cations will be referred to by the general term of “light classes”. It 
is not inferred by this usage that the differences shown below are due 
solely to the differences in light which impinged upon the fruit and the 
imniedately surrounding leaves. There can be little doubt that strong 
correlation exists between the light factor and the level of soluble solids 
in the juice of the individual oranges, but this does not imply a causal 
relationship between them. No explanation of the results is in reality 
possible, since there is no reason to believe that the intensity of vapor 
pressure gradients, temperature, osmotic concentrations in the leaves, 
or relative amounts of the ash elements in the leaves was constant 
throughout the canopy of foliage. In the absence of data to the contrary, 
it is possible that these factors are more responsible for the differences 
to be shown below than are the light factors. However, since the classi- 
fication of the fruit was based upon the amount of light or shade to 
which it was subjected, the results are presented on that basis, wdth 
no attempt being made to explain the results but only to point them out 
and to apply them to the practical problem of spot-picking and 
sampling. 

These classifications were of course made at the time of maturit\' of 
the fruit. Had they been made at the time the fruit was very small in 
size, no doubt many of them would have fallen into a different class 
due to the sagging and bending of the branches as the fruits increased 
in weight. 

As each fruit was removed from the tree it was given a nimiber 
which was written on the side of the fruit with a special fruit-marking 
pencil. All data pertinent to this fruit were then recorded opposite the 
number. After being removed from the tree the fruit was placed in 
field boxes and taken to a 40 degree F storage room. Fruit was re- 
moved to storage within a maximum of 3 to 3 hours after it was 
removed from the tree. The operations w^ere set up with two crews, 
one in the field removing the fruit from the tree, the other in the 
laboratory running analyses on the fruit at the same time. This was 
done in order to remove all the fruit from the tree as nearly a.t one time 
as possible and also to reduce to a minimum the length of time which 
the fruit would have to stay in storage after being removed from the 
tree. All fruit was Removed from the tree after 6 days and the analyses 
were completed in 1 5 days. In the laboratory the diameter, weight and 
commercial U. S. grade of each fruit was recorded. The color of the 
rind was determined by placing each fruit in a machine which spun 
the fruit rapidly, resulting in a uniform color which was matched 
against standard color plates for oranges and grapefruit as used by 
Harding et al (1, 2). In addition each fruit was examined and classi- 
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fied as to t3qje of injury or rind blemish, whether the cause was insect, 
disease or mechanical. 

The following brief descriptions arc given of the methods used in 
preparation and analysis of the juice: 

Extraction: — The fruit was cut in half and the juice extracted 
by a small metal hand press. Samples were put through a 
straining device to remove large fragments of albedo and 
other large solid particles. 

Weight oj Juice: — Weight of extracted juice was measured in 
grams. 

V olitmc of Juice: — Volume of juice was measured in milliliters. 

Per Cent Citric Acid: — The citric acid content (considered as 
total tit ratable acidity) was determined by the titration of a 
25 ml aliquot of clear juice against .3125 N sodium hydroxide 
solution and calculated as per cent anhydrous citric acid by 
weight. 

Per Cent Soluble Solids: — Soluble solids were measured by the 
use of a Bausch and Lomb, Abbe type refractometer with 
temperature bath at 28 °C. This instrument is equipped with a 
Brix scale for direct reading. 

Vitamin C (Ascorbic Acid): — Vitamin C was determined by 
titration with a solution of sodium 2-6 dichlorobenzenone- 
indophenol dye standardized against pure ascorbic acid solu- 
tion according to the method described by Menaker, M. H. 
and N. B. Guerrant (3), and reported as milligrams of as- 
corbic acid per 100 milliliters of juice. 

* The ‘‘Ratio’’ (soluble solids/titratable acid) and the “Per Cent 
of Juice by Weight’’ are calculated values. 

The methods used for statistical analyses are those described 
by Snedecor (6). 

Results 

Light Classes: — The averages per cent soluble solids of all fruit in 
these classes together with pertinent information resulting from sta- 
tistical analysis of the data are presented in Table I. Analysis of vari- 
ance showed highly significant differences between light classes. 

The regression lines in Fig. 1 show the spread in per cent soluble 
solids between light classes as related to changes in height of the fruit 
on the tree for each light class. The center of the lines as drawn show 
the mean percentage soluble solids for each light class and the length 
of each line represents the mean ± standard deviation of the solids 
values. Regression equations and “t” values for these lines are pre- 
sented in Table I. 

Fig. 2 shows the average percentage soluble solids values of all fruit 
in each sector in each light class. These values show the differences 
in per cent soluble solids which were found among the light classes as 
affected by direction of exposure to light. 

Height of the Fruit on the Tree: — ^The percentage soluble solids in 
the fruit increased with increase in height of fruit for all the five light 
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Fig. 1. Regression of per cent soluble solids on height of fruit for all light 
classes (see Table I for regression equations and “t” values). 


classes, as shown in Fig. 1, and the regression equations of Table I. 
The effect of height on percentage soluble solids is also shown in Table 
I by comparing the top-outside and the top-inside fruit with that in the 
other light classes. 

Direction oj Exposure : — The average percentage soluble solids con- 
tent of the fruit was found to vary with direction of exposure to light. 
Analysis of variance showed highly significant differences in percent- 
age soluble solids among sectors with lower values found in sectors 
in the northeast portion of the tree (Fig. 2) . 


TABLE I — Characteristics of the Distribution of Per Cent Soluble 
Solids Values of Fruit in Five Light Classes 


Light 

Classes 

No. 

Fruit 

Per 
Cent 
of To- 
tal 
Fruit 

Ave 

Per 

Cent 

Solu- 

ble 

Solids 

Stand- 
ard De- 
viation 

Maximum 
Per Cent 
Soluble 
Solids In- 
dividual 
Fruits 

Minimum 
Per Cent 
Soluble 
Solids In- 
dividual 
Fruits 

Regression Solu- 
ble Solids on 
Height* 

Value of 
‘*t” for 
Regres- 
sion Co- 
efficient 

Outside 

500 

28.0 

11.08 

0.91 

13.40 

8.40 

E».1173X +9.915 

9 033** 

Canopy 

580 

32.4 

10.01 

1.05 

12.50 

5,90 

E=.1933X+8.311 

22.06** 

Inside 

321 

18.0 

8.70 

1.26 

11.75 

6.00 

E=.1655X+7.545 

9.566** 

i op~- 
outside 

250 

14.0 

11.21 

1.02 

13.50 

9.50 

E-.3337X+6.227 

5.997** 

iop — 
inside . . 

137 

7.6 

9.93 

1.49 

12.00 

8.50 

E=.9199X+ 1.827 

28.811** 

All fruits 

1,788 

100.00 

10.24 

1.41 

13.50 

5,90 

E=.2101X+8.146 

30.72** 


» Estimated value of per cent soluble solids. 
X *« Height of fruit. 

**Highly significant “t" value. 
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Fig. 2. Effect of direction of exposure and amount of shading on per cent 
soluble solids content of Valencia oranges. 


Rind Color oj the Fruit : — Both the color of the rind and the per- 
centage of soluble solids are shown to be vei*y closely related to the 
amount of light to which the fruit and leaves were exposed. The rind 
color was originally classified into 21 groups varying from dark green 
to orange. In preparing Figs. 3 and 4 these classifications were grouped 
into three large classes : green, yellow and orange. The level of per 
cent soluble solids of the juice as related to each color class is shown 
in Fig. 3 ; and Fig. 4 shows the per cent of oranges in each color class 
as related to each light class. Weather conditions during the 1947-48 
season were not favorable for development of high rind color. 


Discussion 

It is evident from the results that light is either the principal factor 
affecting the content of soluble solids in the juice or highly correlated 
with the factors responsible. The three general classifications present- 
ed, light and shade factors, height factors, and direction of exposure 
to light are all related to the intensity and duration of light. They are 
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Fig. 3. Per cent soluble solids levels for major rind color classifications. The 
length of the bars equals the mean ± standard deviation and the point on 
the bar indicates the mean value. 



Fig. 4. Color of the rind of Valencia oranges affected by the amount of 
shading. The length of the bar indicates the percentage of total fruit rep^ 
resented in each light class. 
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arbitrary classifications used to identify the portions of the tree in 
such a way that the research worker or the commercial citrus grower 
can easily locate them. 

The regression lines presented in Fig. 1 illustrate three points 
useful in developing a sampling procedure. The regression line for 
canopy-fruit almost coincides with the regression line for all-fruit. This 
group of approximately one-third of the fruit closely represents an 
average of all of the fruit on the tree in percentage soluble solids. 
Where large samples are needed for research work, collecting only 
canopy fruit should provide a representative sample. However, in most 
cases a much smaller number of fruit is desirable either for research 
or commercial sampling. The regression lines in Fig. 1 show that fruit 
taken from the canopy at a height of about 10 feet would have yielded 
a sample representative of the entire group, or that fruit from the out- 
side of the tree at a height of 3 feet would have yielded a representative 
sample. Because of the convenience of reaching fruit 3 feet high, the 
latter point is preferable. Collecting fruit at each of the cardinal com- 
pass points eliminates the variation caused by direction of exposure. 
In other studies the authors have found that large citrus fruits of the 
same age, variety, and from the same position on the tree contain lower 
soluble solids than small ones. Therefore all fruits sampled for any 
given comparison must be of the same size. Thus for sampling small 
plots, fruit of uniform size, collected from each of the cardinal com- 
pass points at a height as close to three feet from the ground as is 
practical and taken from outside fruit only should give a sample rep- 
resentative of the whole group of fruit on the tree. 

The standard deviation from the regression line for all outside fruit 
was found to be 0.84 per cent soluble solids. Assuming that a difference 
of 0.5 was desired to represent a significant difference between means 
at the 1 per cent level, 20 fruits would need to be taken from one tree, 
or from the trees in each plot. Tree to tree variation would tend to 
increase this value, while selection of fruit of uniform size would tend 
to decrease it. Extensive tests at the Citrus Experiment Station indi- 
cate that a standard deviation of 0.5 or less in the percentage soluble 
solids may be expected to result from using this method of sampling 
plots of trees in a uniform block. 

This sampling procedure has been in use at the Citrus Experiment 
Station since 1944. The reliability of the results for comparing plots 
may be further increased by sampling at intervals through the season. 

For sampling large blocks of trees the procedure may be modified to 
give more weight to the variation between trees. The data presented 
indicate in general where fruit which is representative of average fruit 
on a given tree may be found. The size of the block and the accuracy 
of results desired will govern the size of the sample which must be 
taken. 

Special problems in sampling may arise in which the trees to be 
sampled are nonsymmetrical due to planting in hedgerows, or in which 
the lower branches of the tree have been removed following the over- 
lapping of the branches from adjoining trees, or for other reasons. 
Another type of problem concerns the location of the major proportion 
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of the crop in the tree. In the single Valencia tree studied, approxi- 
mately one-third of the entire crop was classified as canopy fruit. Such 
a proportion of fruit will not always occur in the canopy. In some 
cases the majority of fruit will be found inside the canopy of the foliage, 
while in other cases the majority of the fruit will He outside the canopy. 
Obviously the methods of sampling proposed above cannot be applied 
to these conditions without some modification. Adjustments should be 
made in the sampling methods so that the fruit sampled is typical of the 
crop as a whole. 

Aside from the accuracy of sampling, the extent to which internal 
quality may be improved by spot-picking is of value to the commercial 
grower and packinghouse operator. It would be helpful to know ap- 
proximately how much the average per cent soluble solids of the fruit 
from a given block of trees might be increased by not picking fruit 
from portions of the tree which produce fruit with a low soluble solids 
content. By so doing a grower might dispose of a portion of his crop 
at a high price early in the season, and leave the remainder of the fruit 
to be picked later. Table II was prepared from these data to show what 


TABLE II — The Effect of Spot-Picking Certain Portions of the Tree 
Upon the Average Soluble Solids in the Juice of the Fruit Ob- 
tained 


Section of Tree Not Included 

Per Cent of 
Total Fruit 
Included 

Average Per 
Cent Soluble 
Solids of Fruit 
Included 


100.0 

10.24 

Inside . . 

82.1 

10.57 

Top inside . .... 

92.3 

10.26 

Canopy ... . . . . ... 

67.6 

10.34 

Inside and top inside 

74.4 

10.64 

Inside, top inside and canopy > . . . . . 

41.9 

11.12 

Inside and lower 2 feet of canopy 

79 9 

10.60 

Inside and lower 4 feet of canopy 

77.3 

10.64 

Inside and lower 6 feet of canopy 

73.9 

10.69 

Inside and lower 6 feet of canopy and lower 2 feet of outside .... 

73.6 

10.70 

Inside and lower 6 feet of canopy and lower 4 feet of outside 

73.3 

10.70 

Inside and lower 6 feet of canopy and lower 6 feet of outside , 

70.4 

10.73 


actual increases were obtained where this was done. Spot-picking in 
this manner whether to improve the quality or to comply with maturity 
regulations would appear to be a practical and useful operation in com- 
mercial practice. The amount of spot-picking necessary in any grove 
would depend upon the difference between the level of soluble solids 
desired in the picked fruit and the average soluble solids level of the 
grove-run fruit. In many instances, leaving only the inside fruit might 
increase the soluble solids sufficiently to meet the minimum standards. 

It may be argued that these generalizations are too broad to be based 
on the results of a single tree. The authors wish to point out, however, 
that this is a detailed study of concepts which were first arrived at 
through the study of a larger number of trees in less detail. In addition, 
the effect of shade has been substantiated by other workers. There may 
be some variation between varieties, but since all commercially im- 
portant varieties grown in Florida tend to form dense canopies, the 
variation between varieties should not be great. Since fundamentally 
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these differences appear to be associated with variations in intensity 
and duration of light and its consequent effect on the fruit and on car- 
bohydrate production by the leaves, there is little reason to believe 
that the general relationships will vary greatly between varieties or 
between trees of the same variety. It is probable that composition of 
the juice of fruit produced on young trees will not he influenced as 
greatly by position on the tree as in older trees. 

Summary 

1. Extreme variation in the soluble solids content of the juice of 
Valencia oranges from the same tree was found to be related to position 
of the fruit on the tree, (a) Fruit with the highest soluble solids in 
the juice was “top outside’^ fruit, (b) fruit with lowest soluble solids 
in the juice was “inside’’ fruit, and (c) fruit from other portions of 
the tree was intermediate in soluble solids content. 

2. The per cent soluble solids content of the fruit varied with the 
amount of shading, the height of the fruit on the tree, the direction of 
exposure to light, and the color of the rind. 

3. Sampling techniques for sampling large and small lots of trees 
are proposed. 

4. Suggestions for spot-picking oranges to include only high quality 
fruit are presented. 
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Investigations on the Use of Iron Sprays, Dusts, and Soil 
Applications to Control Iron Chlorosis of Citrus 

By P. L. Guest and H. D. Chapman, University of^ California 
Citrus Experiment Station, Riverside, Calif. 

T he use of iron sprays to correct iron deficiency has proven suc- 
cessful with some plants, notably the pineapple, but results with 
citrus trees to date have been rather unsatisfactory. When iron sprays, 
such as ferrous sulfate, are applied to iron chlorotic citrus leaves, com- 
plete or sheet greening of the leaf does not occur. Instead, small green 
spots appear, as shown in Fig. 1. Since it is evident that some of the 
applied iron penetrates the leaf and becomes effective in local areas, 
it seemed reasonable to believe that a form of iron might be found, or a 
combination of iron and spreading agents, or a method of application 
worked out, which would produce complete greening of chlorotic 
leaves. Accordingly, a wide range of iron compounds, some organic 
and some inorganic w^ere applied to chlorotic orange, grapefruit, and 
lemon foliage in various concentrations, with and without spreading 
agents, and at various pH values. Various iron dust compounds and 
combinations w’ere also tried. In addition, different techniques of foli- 
age application were studied. Because of occasional reports by growers 
that iron chlorosis has been corrected by soil application of iron com- 
pounds, trials of this nature were also initiated. 

Distribution of Iron Chlorosis of Citrus 

In California, a great deal of iron chlorosis occurs on lemon plant- 
ings in Ventura and Santa Barbara counties. In certain parts of Orange 
County, particularly the Garden Grove section, iron chlorosis is serious 
on oranges. It occurs locally and to a greater or lesser degree in many 
other citrus sections. In all or nearly all of these regions chlorosis is 
more severe in the winter and early spring. It is worse in some years 
than others. Because of the perennial nature of this trouble, its rather 
wide occurrence, lack of satisfactory control methods, and tlie prob- 
ability that to some degree at least other citrus problems are probably 
aggravated by the disorder, it seemed worth while to investigate the 
problem further. 

Causes of Iron Chlorosis 

Despite a very considerable amount of research, the cause or causes 
of this disorder are not clear. Lime-induced iron chlorosis is wide- 
spread and is thought by many to result from the soil alkalinity and 
buffering of soils imparted by lime. However, not all calcareous soils 
produce iron chlorosis and giants are extremely variable as to sus- 
ceptibility. Iron chlorosis also occurs on noncalcareous soils. Among 
the factors other than free lime which in the authors’ experience may 
produce or play a part in iron chlorosis of citrus are : (a) excessive 
soil moisture; (b) cold soil temperatures; (c) excessive phosphate; 
(d) potash deficiency; (e) magnesium deficiency; (f) excessive zinc; 
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Fig. 1. Typical response of iron chlorotic citrus leaves when sprayed with 
iron sulfate solution without spreader. These are grapefruit leaves and 
were sprayed June 9, 1947, with a solution containing 2 pounds iron sulfate 
per 100 gallons of water. Picture taken August 15, 1947, 


(g) excessive soluble salts; and (h) possibly soil organisms. Since so 
many factors, singly or in combination may cause iron chlorosis of 
citrus, it seemed all the more worth while to explore the possibility of 
developing a spray, for in the writers' experience no matter what the 
cause, iron sulfate solutions sprayed on foliage showing typical iron 
deficiency patterns invariably bring about a certain amount of im- 
provement. 



GUEST AND CHAPMAN : IRON CHLOROSIS OF CITRUS 


13 


Experimental 

Effectiveness of Various Wetting Agents : — Prior to testing the 
large number of iron compounds referred to, the effectiveness of 
various spreading agents was tested. Seven different spreading agents 
were procured and after determining the amount which, in combi- 
nation with iron sulfate (2 pounds per 100 gallons) would satisfactorily 
wet orange and lemon leaves, trials on iron chlorotic and lemon shoots 
were undertaken. A list of wetting agents tried and the amounts used 
per 100 gallons of final spray solution is shown in Table 1. All seven 


TABLE I — Kinds and Amounts of Wetting Agents Used in Preliminary 


Tests 

Wetting Agent 

j Rate of Application 

, (Per 100 Gallons of Spray) 

Vatsol (85 per cent O.T.) . , 

Vatsol (33 per cent O.T. 100) . . . .... 

Blood albumin . 

Tnton B-1956 

Triton X-1S5 1 

Triton X-300 i 

Tnton X-400 ... . . i 

2.08 pounds 

3,34 pounds 

2.00 pounds 

15.4 liquid ounces 

153.6 liquid ounces 

76.8 liquid ounces 

6.01 pounds 


of these materials were tried respectively with the following iron com- 
pounds : ferrous sulfate, c.p!, ferrous lactate, and ferrous bromide. 

In order to insure a maximum coverage, and at the same time 
avoid contamination of nearby foliage, the technique of treatment con- 
sisted in selecting apical, iron chlorotic shoots and dipping these into 
the test solution. Usually five such shoots were treated with a given 
solution and the shoot tagged to show the date and kind of solution 
used. Untreated shoots of about the same degree of chlorosis served 
as checks. At periodic intervals following treatment, the shoots were 
inspected both as regards kind and degree of greening, and as well 
injury, such as leaf abscission, and necrosis. The changes noted were 
evaluated in terms of the untreated checks. 

In general, the effect of the spreaders was to produce a greater de- 
gree of leaf greening and to reduce necrotic spotting. In few if any 
instances however did chlorotic leaves become completely green. 
Fig, 2 illustrates the typical results obtained with and without spread- 
ing agents. 

Of the various spreaders used, Vatsol was definitely superior to all 
the others but as noted repeatedly 'tHroughout this work, injury was 
greater. That is, the sprays most effective as regards greening were 
also the most injurious. Blood albumen was the least effective of the 
spreaders. In general, it was noted that the upper side of leaves wet 
better than the lower side and that orange leaves wet better than lemon 
leaves. 

Comparison of Iron Compounds: — ^Thirty-eight different iron com- 
pounds were applied in three concentrations, with and without Vatsol, 
and at three pH values, respectively, to iron chlorotic orange leaves. 
Thirty-three of these compounds were also tried using a similar tech- 
nique on chlorotic lemon shoots. At each of the low, medium, and 



TABLE II — Iron Compounds Used for Leaf Dipping Tests (All Applied Summer or Fall, 1946, to Orange or 

Grapefruit Foliage) 
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Fig. 2. Shows effect of iron sprays with and without spreader. Leaf on left 
unsprayed ; two center leaves sprayed with iron sulfate containing spreader 
(Vatsol) ; two leaves on right, no spreader. Note necrotic spotting of leaf 
on right. The use of spreaders in general reduced this kind of injury but 
did not prevent leaf abscission. In general, the more effective the spray 
in terms of greening, the greater its injury in terms of necrosis and leaf 
abscission. 

high concentrations the following solutions were prepared : 1, iron com- 
pound, no pH adjustment, no Vatsol; 2, iron compound, no pH ad- 
justment plus Vatsol ; 3, iron compound, Vatsol, pH adjusted to 3.0 ; 
4, iron compound, Vatsol, pH adjusted to 5.0 ; and S, iron compound, 
Vatsol, pH adjusted to 7.0. Thus, for each iron compound tested, IS 
different solutions were prepared and each applied to five replicate 
shoots. 

The results of these trials using the No. 2 solution (iron compound, 
Vatsol, no pH adjustment) are shown in Table II. 

As may be seen from Table II, complete greening of chlorotic 
leaves was not obtained in any case. The most effective materials 
were ferrous sulfate, ferrous chloride, ferrous bromide, and ferrous 
iodide. It is of interest that the organic forms of iron were in general 
not as effective as the inorganic forms save that ferrous lactate gave 
results almost as good as the above named. A number of iron com- 
pounds produced no greening whatsoever. As noted previously, green- 
ing in most cases was improved by the use of the wetting agent, 
t In general, the solutions which brought about the greatest degree of 
recovery also produced more leaf injury. This took the form of 
necrotic spots or blotches. 

With regard to the effects of pH, save in a few instances, greening 
of chlorotic leaves was not enhanced by adjusting the reaction of the 
spray solution prior to use of pH 3.0, When the pH was raised to 7.0 
however, the extent of greening was usually reduced. At the lat- 
ter pH, there was little leaf injury. The evidence as regards pH sug- 
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gests that, in general, a given iron spray is more effective if the solu- 
tion is on the acid side. (Values between pH 4.5 and 5.5 gave the best 
results). High concentrations of iron compounds were no more ef- 
fective than the lowest concentration used. (The base rate for the low 
concentration was 2.0 pounds ferrous sulfate or equivalent per 100 
gallons of spray). 

Perhaps the most disappointing aspect of this work was the ob- 
servation that new growth cycles emerging from treated shoots were 
just as chlorotic as the foliage of a particular shoot prior to treatment. 
This indicates that the iron which gains entrance into the leaf is ef- 
fective in chlorophyll formation only in that leaf, and its effectiveness 
is not carried over into new developing shoots. Fig. 3 shows the fail- 
ure of new growth cycles to improve even though a substantial de- 
gree of improvement resulted from dipping the original shoot in an 
iron solution. Of course this does not mean that no over-all improve- 
ment in tree condition would result from an iron spray. Had it not 
been for the spray perhaps no new growth would have emerged and 
the chlorotic twig would have died back. It is evident however that a 
program of frequent spra3dng would be necessary to sustain the some- 
what improved foliage condition. 

Great differences in the degree of greening of different leaves on 
the same shoot were consistently noted. In general, young leaves re- 
sponded more rapidly and completely than old leaves. Greening of 
leaves from a given spray was more rapid and complete in summer 
than in winter. Typical of the maximum degree of greening secured 
from any of the treatments is that shown in Fig. 4. This corresponds 
to the (+++ ) rating as defined in Table II. 

Effect of JEefting the Upper Versus the Lozver Sut^face of Leaves : — 
To determine the relative effectiveness of iron applied to the lower 
versus the upper side of orange and lemon leaves a series of tests were 
made with ferrous sulfate, ferrous lactate, and ferrous bromide all with 
V atsol spreading agent. The iron sulfate was used at a rate of 2 pounds 
per 100 gallons of solution and the other compounds on an equivalent 
basis ; the Vatsol was used at a rate of 2.08 pounds per 100 gallons of 
spray. Tests were made on both lemon and orange leaves affected with 
iron chlorosis. The following methods of treating the leaves were com- 
pared: (a) dipping the whole shoot: (b) painting both sides of the 
leaf; (c) painting the upper side only; and (d) painting the lower 
side only. 

With orange leaves, the amount of greening was almost as great 
when the lower side of the leaf only was treated as when both sides 
were painted. With the lemon, the results were less conclusive but in 
the same direction. This indicates either that more iron is absorbed 
through the lower surface of the leaf than the upper or that the iron 
penetrating through the lower surface is more effective in chlorophyll 
formation. Whatever the explanation, in spraying, thorough coverage 
of the lower surface of the leaf is desirable. 

Spray Trials on Entire Tree : — In the summer of 1947, both orange 
and lemon trees were sprayed with those iron compounds which gave 
the best results in the dipping tests, namely, ferrous sulfate, ferrous 
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Fig. 3. Shows iron chlorosis of new cycle growth which emerged following 
spray treatment and partial recovery of old cycle. This indicates that, 
though iron sprays bring about some recovery of treated leaves, there is 
no apparent benefit in so far as chlorosis is concerned to succeeding growth 
cycles. 

bromide, ferrous iodide, and ferrous lactate. Spray solutions were 
made up at the rate of 2 pounds of iron compound per 100 gallons of 
water except that ferrous bromide was used at the rate of 3 pounds 
per 100 gallons. Vatsol at a rate of 1 pound per 100 gallons was also 
incorporated in the spray. In a few cases the iron compounds were 
made up with a regular pest control light-medium oil spray (1% per 
cent) , omitting the spreading agent in this case. The trees were thor- 
oughly wetted with the spray, a commercial spray rig being used in 
these tests. The results of the spray treatments to entire trees were es- 
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Fig. 4. Shows degree of recovery of iron chlorotic shoots sprayed with fer- 
rous lactate plus \^atsol spreader, 2 pounds of iron salt, and 2.08 pounds of 
Vatsol per 100 gallons of w’ater. This corresponds to the (4-++) rating 
as noted in Table II. (Left — Sprayed shoot; Right — Unsprayed check) 

sentially the same as with the dipping trials. In most cases a sub- 
stantial amount of leaf greening occurred, but in few if any cases were 
chlorotic leaves completely cured. Moreover, ensuing growth c^xles 
were again iron chlorotic. More or less necrotic spotting of leaves and 
young fruit occurred, the degree of this being roughly parallel to the 
degree of greening. IMature fruits were not injured. The type of in- 
jury produced on young fruit is shown in Fig. 5. 

Use of Iron Dusts : — number of iron compounds were applied as 
dusts rather than in spray form^. These were applied with and without 
dusting sulfur as a diluent and also to chlorotic shoots which had in 
some cases been dipped in a Vatsol solution prior to applying the 
dust. The compounds used were Gelofer (a ferric-silicic colloidal 
complex furnished to the authors through the courtesy of the French 
Potash and Import Company, Inc.), fermate, fermate and zerlate com- 
bined, and magnetite. In all instances, these tests were more disap- 
pointing than those with iron compounds applied as sprays. 

Injection Treatments : — Iron solutions have been injected into iron 
chlorotic citrus trees by pressure apparatus following somewdiat the 
same technique as^ised by Southwick (3). These trials have confirmed 

While this investigation was under way two papers were published by Haas 
and Zentmyer (1, 2) reporting striking improvement in iron chlorosis of lemon 
cuttings from the application of magnetite and sulfur dusts and other com- 
binations. These results were obtained on plants grown under greenhouse con- 
ditions. Trials of these same materials under field conditions gave disappointing 
results a§ may be seen by reference to Table II. 



20 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 



Fig. 5. Shows fruit injury from iron sulfate spray. In general, the more 
effective the spray from the standpoint of clearing up the leaf chlorosis, 
the more injurious it is to young fruit. Mature fruits are not injured 
however. 

the findings of Southwick that correction can be obtained. However, 
the necessity for repeated treatments after a few years, the costs in- 
volved, together with the danger of infection and injury to the tree 
trunk render this method of rather dubious value. 

Soil Treatments : — Solutions of iron sulfate were injected into the 
soil under pressure through a hollow probe equipped with a perforated 
nozzle using a conventional spray rig. Amounts ranging from 10 to 
80 pounds of iron sulfate per tree were injected into the root zone. 
The iron to be injected was dissolved in 200 gallons of water, thor- 
oughly agitated, and injections made by inserting the probe at several 
hundred points under and around the drip of the tree. By this means 



GUEST AND CHAPMAN : IRON CHLOROSIS OF CITRUS 


21 


it is certain that a good distribution of the dissolved iron was effected. 
There were three replications of each concentration in each location. 
Three different orchards were used in this study — one on a Hanford 
loam near Redlands ; another on a Hanford sandy loam near Garden 
Grove ; and the third on a lemon orchard in \^entura County located 
on a Yolo clay loam. Systematic observations have been made over a 
period of two years. To date no evidence of real improvement in the 
degree of chlorosis present has been noted. 

Discussion and Conclusion 

While it is possible to effect a considerable amount of foliage cor- 
rection by the use of ferrous sulfate as well as a number of iron com- 
pounds in combination with a good wetting agent, repeated sprayings, 
possibly two or three a year, would be needed to keep the tree in a 
permanently improved condition. Unfortunately, a certain amount of 
fruit injury (necrotic spotting of rind) occurs in young fruit, and 
there is also some leaf injury with those compounds or combinations 
most effective as regards leaf greening. 

Despite the somewhat disappointing outcome of this work, the use 
of iron sprays with a good wetting agent such as Vatsol, could 
probably be used to advantage where iron chlorosis is severe. Since 
results with iron sulfate were nearly as good as with any of the other 
iron compounds, and since it is cheaper than any of the other iron 
sources, it is suggested for further field trials and testing that this 
material be used at a rate of 2 pounds per 100 gallons of water and 
that Vatsol at a rate of 1 pound per 100 gallons also be included in 
the spray formula.^ 

Mention should again be made of the fact that in many instances 
better control of soil moisture has brought about substantial im- 
provement in quite a number of iron chlorotic orchards. Growers 
who are confronted with this problem in their orchards should make 
every effort to avoid overirrigation and to modify their irrigation 
methods so as to minimize prolonged over moist conditions in the 
root zone. 
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The Effect of Nitrogen, Phosphorus, and Potassium Upon 
the Growth of Newly Transplanted Tung Trees^^ 

By Benjamin G. Sitton, U. S, Department of Agriculture, 
Bogahisa, La, 

M ost tung trees pruned and trained to a single trunk, the so-called 
natural head, make a strong well-formed frame or '1iead” if 
growth is vigorous and branching occurs before the end of the first 
growing season. On the other hand tung trees that do not branch the 
first year in the orchard produce a very weak and undesirable whorl 
of closely spaced branches from the apical buds when growth is re- 
sumed the second year, unless the terminal portion is pruned away 
so as to force lateral buds into growth. A high rate of growth during 
the first year in the orchard is particularly important in tung, therefore, 
to obtain well formed trees. 

A series of seven experiments were conducted to study the effect 
of nitrogen, phosphorus, and potassium fertilizers upon this all-impor- 
tant growth of tung the first season in the orchard. The experiments 
were located near Franklinton, Folsom, and Pine, Louisiana in 1944; 
near Carriere and Lumberton, Mississippi in 1945 ; and near Enon, 
Louisiana, and Poplarville, Mississippi in 1946. The experiments at 
Pine and Carriere were on Ruston sandy loam, those at Folsom and 
Poplarville on Norfolk fine sandy loam, the one at Lumberton was on 
Norfolk fine sand, the one at Enon on Dulac loam and the one at 
Franklinton on Lewiston silt loam. The seven experiments are thus 
located in Washington and St. Tammany Parishes in Louisiana, and 
in Pearl River County, Mississippi, and constitute a representative 
cross section of the area in eastern Louisiana and southern Mississippi 
in which approximately 75 per cent of the tung acreage of the United 
States is located. 

The tung trees were transplanted from the nursery into the orchard 
during the winter months, some as 1 -year-old seedling trees and some 
as budded trees having 1-year-old clonal tops and 2-year-old seedling 
roots. Trees were pruned to the vase form in the 1944 experiments and 
to the natural head in the 1945 and 1946 experiments. Although there 
were minor variations between seedling and clonal trees, it appears 
unessential to present the data separately. 

The fertilizers were applied in a circular band around and about 12 
to 15 inches from the trunks of the trees soon after they started growth. 
Three levels each of nitrogen, phosphorus, and potassium were used. 
The low level of each was that supplied by the soil, except that in 1946 
an additional 0.04 pound of nitrogen was applied per tree. At the inter- 
mediate levels, 0.08 pound of N, 0.08 pound PaOf,, and 0.06 pound 
K 2 O were applied per tree ; and at the high levels the amounts were 
twice those used at the intennediate level. Nitrogen was supplied as 


^The writer is indebted to Dr. George F. Potter, principal physiologist, Bo- 
galusa, Louisiana, for his assistance in planning the experiments and for his re- 
view of the manuscript ; and to Dr. Matthew Drosdoff, soil technologist, Gaines- 
ville, Florida, for the leaf analyses. 
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ammonium nitrate, phosphorus as 20 per cent superphosphate, aiifl 
potassium as 50 per cent muriate of potash. 

Each of the seven experiments was set up in a balanced partially 
confounded factorial design with four replications of 27 treatment:, 
representing all possible combinations of the three levels of the three 
elements (6). Each replication was subdivided into three blocks of 
nine treatments each. Each treatment plot consisted of four trees. 

Samples of leaves were collected in August in the experiments at 
Franklinton, Carriere, Lumberton, and Poplarville. Forty-eight leaves 
per plot were removed without petioles from the mid-portion of the 
primary shoots of the trees in each plot receiving the low and the high 
levels of each element. Nitrogen, phosphorus, and potassium were 
determined by methods described by Drosdoff ( 1 ) . 

Measurements of total linear grow'th were made after the completion 
of the first growing season. 

As might be expected the differences in soil, in cultural treatments, 
and in weather during the three summers resulted in differences in 
growth of the trees not entirely associated with the fertilizers applied. 
In order to obtain an over-all picture of the response of the trees to 
fertilizers the data from each of the seven experiments were first 
analyzed separately ; then they were pooled in a single analysis, even 
though the data for the several locations are less homogeneous than 
desirable. Under these circumstances the pooled error term is probably 
rather high in relation to average growth responses to the fertilizers. 

Results 

The pooled data showed a highly significant difference between 
locations and a highly significant interaction between locations and 
treatments. A considerable part of the difference between locations can 
be accounted for by variations in weed control by the cooperators. The 
newly planted tung tree is very sensitive to weed competition (2, 3, 
4, 5). At Pine no cultivation or hoeing was done until July, when the 
weeds were taller than the trees, especially at the high levels of 
nitrogen. At Carriere the tree rows were disked but the trees were 
not hoed, so that weeds grew immediately around the trees. At Poplar- 
ville the trees were disked and hoed once, but weeds developed, which 
interfered with growth. At Lumberton the Norfolk fine sand was low 
in available moisture most of the time. 

The Effect of Nitrogen : — ^The pooled data of the seven experiments 
show that the intermediate level of nitrogen resulted in an average 
increase in total linear growth of 55 centimeters, or 13.6 per cent more 
than that made by the trees at the low level of nitrogen, a significant 
increase (Table I). The high level of nitrogen resulted in a non- 
significant increase of 10 centimeters over that made at the inter- 
mediate level. The intermediate level of nitrogen resulted in ixicreased 
linear growth over that made at the lower level at all locations except 
Lumberton, although only at Franklinton and at Poplarville were the 
differences great enough to attain statistical significance. At these two 
locations the high level of nitrogen resulted, respectively, in 31.7 and 
28.6 per cent more growth than that made at the intermediate level. 



TABLE I — ^The Effect of Nitrogen, Phosphorus, and Potassium Upon First Year Linear Shoot Growth of Newly Trans- 
planted Tung Trees at Seven Locations in Louisiana and Mississippi (1944r-1946) 
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P needed for significance for individual locations: at .05. 3.13; at .01, 4.92; at .001, 7.76; and for pooled data, using interaction of location by treatment mean square 
as error for testing: at .05, 3.07; at .01, 4,79; and at .001, 7.3L 
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The high level of nitrogen resulted in less growth than the intermediate 
level at all the other locations. The failure of the high level of nitrogen 
to produce growth equal to or greater than the intermediate level 
probably indicates that the limited root area of the newly transplanted 
trees was unable to utilize all of the nitrogen supplied, or even that the 
high level was injurious to the tree. The extra nitrogen may well have 
an adverse effect through stimulating the growth of competing weeds, 
as has been previously mentioned, and thus increasing the competition 
for moisture and nutrients. 

The Effect of Phosphorus : — ^When data from all locations are 
pooled the intermediate level of phosphorus resulted in an average in- 
crease in total linear growth of 72 centimeters, or 21.7 per cent over 
that made by trees at the low level. The increased gro\\1;h resulting 
from the first increment in phosphorus applied was greater than needed 
for significance, but the increase resulting from the high level of phos- 
phorus over that made by trees at the intermediate level was non- 
significant. 

Increases in linear growth at the intennediate level of phosphorus 
over the grow’th at the low level were found at every location except 
Carriere. At all locations except Franklinton, the high level of phos- 
phorus resulted in increased growth over that made at the intermediate 
level ; but only at Pine and Poplarville was the increase resulting from 
the second increment equal to that resulting from the first increment. 
At Enon the increase at the second increment of phosphorus was ap- 
proximately half the increase at the first increment. At Carriere the 
trees that received the first increment were smaller than trees receiving 
no phosphorus, but those at the high level showed an increase in 
growth. 

The Effect of Potassium : — ^The pooled data for the seven locations 
show no significant effect of the different levels of potassium on linear 
growth. At Franklinton there was a highly significant increase and at 
Pine a highly significant decrease in linear growth associated with 
potassium applications. Nonsignificant increases resulted at Folsom 
and Carriere, and nonsignificant decreases at Lumberton and Enon, 
with no difference at Poplarville. 

Nitrogen in Leaves : — The application of 0.16 pound of nitrogen per 
tree to the soil resulted in a highly significant increase in the percentage 
of nitrogen in the leaves, sampled in August at four locations (Table 
II). 

At Franklinton and at Poplar\dlle the nitrogen content of leaves on 
trees to which no nitrogen had been applied was close to the deficiency 
range. There both the nitrogen content of the leaves and the growth of 
trees were increased at the high level of nitrogen. At Carriere the 
nitrogen content of the leaves from trees at the low level of nitrogen 
was within the range usually considered optimum for tung. There the 
high level application increased the nitrogen content of the leaves but 
failed to improve growth over that made at the low level. At Lumber- 
ton, where the nitrogen content of leaves from trees at the low level 
of nitrogen was above the optimum range, the high nitrogen appli- 



TABLE II — Composition of Tung Leaves Sampled in August in Relation to Fertilization With Nitrogen, Phosphorus, 

AND Potassium (Dry Basis) 
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cation again increased nitrogen in the leaves but depressed growth 
o£ the trees. 

Phosphorus in Leaves : — The percentage of phosphorus in the leaves 
of tung trees sampled in August at Lumberton and at Franklinton was 
significantly greater at the high level of phosphorus than at the low 
level. At Poplarville and at Carriere leaves from trees at the low^ level 
of phosphorus were high in phosphorus, .164 and .166 per cent. Here 
the supplementary application efected no increase in phosphorus in 
the leaves. There was no consistent relationship between the phos- 
phorus content of the leaves in August and the growth of the trees. 

Potassium in Leaves : — ^At each location the high level of potassium 
fertilizer very significantly increased the percentage of potassium in 
the leaves over that at the low level of potassium fertilizer, but there 
was no consistent relationship between the potassium content of the 
leaves and growth of the trees. 

Conclusions 

Irk the Mississippi and Louisiana tung growing areas, it is of greatest 
importance to fertilize newly planted tung trees with phosphorus in 
amounts ranging from 0.08 to 0.16 pound of P 2 O 5 per tree. 

Nitrogen at the rate of 0.08 pound per tree also promotes tree 
growth under most conditions ; but an excess of nitrogen may depress 
grow^th, especially if the soil is fairly rich in that element. 

Potassium only rarely improves growth, and may significantly de- 
press it ; but with lack of definite knowledge for the specific location, 
an application of 0.04 pound per tree seems advisable. 

Summary 

Three levels each of nitrogen, phosphorus, and potassium fertilizers 
were applied to newly transplanted tung trees on various soil types at 
seven locations in Mississippi and Louisiana tung-growing districts, 
in 1944, 1945 and 1946. 

At six of the seven locations the intermediate level of nitrogen, 0.08 
pound per tree, resulted in greater linear growth of the trees than that 
made by trees at the low level of nitrogen : but the high level, 0.16 
pound of nitrogen per tree, improved growth over the intermediate 
level at only two locations. 

The effect of nitrogen on growth ivas rather consistently correlated 
with nitrogen content of the leaves. Where leaves of unfertilized trees 
contained 1.92 to 1.94 per cent of nitrogen, 0.16 pound of nitrogen per 
tree markedly improved growth ; where the leaves of check trees con- 
tained 2.25 per cent of nitrogen, there vras little or no improvement in 
growth; and where leaves of check trees contained 2.54 per cent of 
nitrogen, additional applications depressed growth. 

The intermediate level of phosphorus, 0.08 pound P2O5 per tree, 
resulted in greater linear growth of tung trees than that made at the 
low level of phosphorus, at six out of seven locations : and the high 
level of phosphorus, 0.16 pound P2O5 per tree, improved linear growth 
in comparison with that made by the trees at the intermediate level 
of phosphorus, in all locations except one. 

The effect of potassium upon the growth of tung trees was incon- 
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sistent; at three locations growth was improved, at three it was de- 
pressed, and at one it was not affected. 
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Soil Moisture and Growth of Apple Trees^ 

By A. L. Kenworthy,^ Michigan State College, 

East Laming, Mich. 

R esearch workers, for several years, have held conflicting opinions 
in regard to the utilization of soil moisture by fruit crops. In this 
respect there appears to be two schools of thought. One school main- 
tains that there is little or no reduction in growth and yield of fruit 
crops before all of the available soil moisture is depleted, whereas the 
other maintains that a very marked reduction in growth and yield of 
fruit crops occurs before all available soil moisture is utilized. 

Considering the physiological behavior of plants (19) together with 
the physical properties of soils, a reduction in growth or production 
of fruit trees should occur, theoretically, before all of the available soil 
moisture is depleted. 

In regions where irrigation is practiced or where periods of drought 
are frequent, a better understanding of the influence of soil moisture 
depletion would aid fruit growers in determining the need for irriga- 
tion. A study was initiated at Pullman, Washington, in 1941 in an 
effort to determine the effect of soil moisture upon the growth of apple 
trees. 


Review of Literature 

Hendrickson and Veihmeyer have maintained in several reports 
(8, 9, 10, 11, 12) that, under California conditions, various fruit crops 
growing in sandy soils do not suffer from gradual drying of the soil, 
but are able to obtain moisture readily until the permanent wilting 
point is approached. This conclusion is based upon observations con- 
cerning yield, size of fruit, or rate of fruit enlargement. Size of tree, 
however, was found to be reduced before the permanent wilting point 
was reached (8, 9), In general, their tests were conducted by com- 
paring an irrigated plot with a non-irrigated plot. The soil moisture 
in the non-irrigated plot usually w^as reduced to the wilting point 
sometime in July, whereas the irrigated plot received w^ater prior to 
reaching the wilting point. In one study ( 10) concerning the use of 
“excess” moisture, irrigations were made when approximately 70 per 
cent of the available soil moisture had been used, and no injurious 
effects were found on prunes or \valnuts. Growth and yields of prunes 
were found to be affected as much by the lack of “readily available 
moisture” for a relatively short period in mid-summer as for a longer 
period late in the season (9). Also, fruit affected by lack of moisture 
during the fruit growing season remained small even with subsequent 
irrigations (9). 

Growth of apples, according to Magness, Degman, and Furr (18) 
was not slowed down until soil moisture was near the permanent wilt- 

^Published as Scientific Paper No. 843, Agricultural Experiment Stations, 
Institute of Agricultural Science, State College of Washington. 

^Assistant Professor in Horticulture, Michigan State College; formerly Re- 
search Assistant in Horticulture, Washington State College. 
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ing point. However^ Magness, Regeiml^al, and Degman (17) reported 
that carbohydrate synthesis in apple foliage was reduced under condi- 
tions of moisture shortage and that this reduction was correlated with 
reduced stomatal openings. Under these conditions there was a reduc- 
tion in the starch present in storage tissues but an increase in the sugar 
content of plant juices. 

Experiments conducted by Heinicke and Childers (6) showed that 
gradual drying of the soil was accompanied by an appreciable reduc- 
tion in the rate of transpiration and of photosyntheses. Since the in- 
fluence was noticeable first in transpiration, they reasoned that the 
early closing of the stomata, associated with a reduced water supply, 
conserved water to a greater extent than it reduced photosynthesis. 

Schneider and Childers (23) found a marked reduction, SS per cent, 
in apparent photosynthesis before wilting was evident, and a further 
reduction was associated with wilting. Also, wilted leaves were ob- 
served to require 2 to 7 days after watering to recover the original 
level of photosynthesis. The tests of Schneider and Childers began 
when the soil was at field capacity, and an increase in apparent photo- 
synthesis was observed to be associated with a slight clecrease in soil 
moisture below field capacity. 

Anjou pear trees growing in a heavy clay soil were found by Aldrich 
and Work (1) to suffer from insufficient water when the soil moisture 
dropped below SO to 80 per cent of the available soil moisture. They 
also found that the use of 30 to 40 per cent of the available soil mois- 
ture during the preceding year resulted in an increased amount of 
bloom. This increased bloom appears to agree with the findings of 
Schneider and Childers cited above. Lewis, Work, and Aldrich (16) 
summarized their pear irrigation experiments on heavy soils by recom- 
mending that the available soil moisture content be maintained above 
50 per cent. This recommendation was based on the general findings 
that the growth rate of the fruit was closely related to the moisture 
content of the upper three feet of soil, and that the growth rate was 
reduced whenever the moisture content in this zone fell below 70 per 
cent of the available soil moisture. 

The results for pears grown on heavy soils w'ere comparable to tliose 
reported by Allmendinger, Kenworthy, and Overholser (2), who 
found a reduction in apparent photosynthesis when more than 80 per 
cent of the available soil moisture had been utilized. Trees that used 
80 per cent of the available moisture did not show a reduction in ap- 
parent photosynthesis, but growth was reduced and the trees required 
less moisture than those trees using smaller amounts of the available 
moisture prior to watering. 

Claypool (4) and Jones (13) reported experiments that further 
corroborated the results of others, showing a reduction in growth 
prior to reaching the wilting point. Claypool found fruit size was re- 
duced as the available soil moisture was lowered to zero; Jones found 
that fruit size was correlated with moisture conditions when a con- 
stant leaf -fruit ratio was maintained. 
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Experimental Procedure 

The soil used in these investigations was obtained from a grass sod 
cut in 1941 from a Palouse silt loam soil. At the beginning of the 
experiment each year the sod was moved into the greenhouse and, 
when sufficiently dry, passed through a soil grinder and a 
mesh screen. To prevent shrinkage the screened soil was mixed with 
sand and peat moss in volumetric proportions of 6-3-1 respectively. 

The trees used were 3 to 4 foot, 1-year-old Winesap whips that had 
been selected for uniformity at the nursery in order to reduce vari- 
ation. Before planting, each tree was washed free of adhering soil and 
placed in water for a short time to prevent dr^dng. The excess moisture 
was then removed, the top cut back to 14 inches, and the tree weighed. 
After weighing the tree was planted in a 50-pound berry can, capacity 
approximately 1 cubic foot, using a uniform weight of soil. Trunk 
diameter measurements were taken after planting and tensiometers 
(15, 20, 21, 22) installed in each container. Two tensiometers were 
used for each tree in 1941 and only one in 1942. 

After planting the required number of trees an additional group 
was washed, pruned and weighed as above. The tops were severed 
from the roots at the point of grafting, subjected to live steam for 3 
minutes and dried at 100 degrees C. These trees were used to deter- 
mine the ratio of roots to tops and per cent moisture at planting time. 

The range of soil moisture between field capacity, as determined by 
a suction method (3), and wilting point, as determined by use of sun- 
flowers, was divided into five equal parts ; thus establishing five treat- 
ments. These treatments permitted the trees to use 20, 40, 60, 80, or 
100 per cent of the available soil moisture prior to watering. When the 
allotted amount of the soil moisture had been used the tree was given 
sufficient Avater to bring the soil mass to field capacity without any 
runoff or gravitational water. Six trees were used in each treatment in 
1941 and in 1942 nine trees were used for each treatment. The 1941 
trees Avere grown from February 22 to May 15. 

Daily tensiometer readings were taken after groAvth started and 
each tree watered as needed. At the close of the experiment each year 
the chlorophyll contents of the leaves were measured using a method 
employing a copper phaeophytin derh^ative of chlorophyll (15). After 
the chlorophyll determinations AA'ere made the tree Avas divided into 
leaves, shoots and roots subjected to live steam for 3 minutes and dried 
at 100 degrees C. All plant parts Avere Aveighed before and after diy^- 
ing. Leaf area calculations w’ere based upon weight-area relationships 
established for the chlorophyll analyses. Trunk diameter and length of 
shoot growth were measured before dividing the tree. 

Presentation of Data 

The soil moisture range, cup tension in centimeters of mercury, rate 
of water utilization and application, and uniformity of trees at plant- 
ing time is given in Table I for the five treatments for each year. 

Although the same soil was used each year, the fresh sod in 1941 
had a higher moisture content at field capacity than the year old sod in 
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TABLE I — Soil Moisture Range, Mercury Tension, Rate of Water 
Application and Utilization, and Tree Uniformity at Planting 
Time 


Determination 

Year 

Available Soil Moisture (Per Cent Used) 

20 

40 

60 

80 

100 

Soil moisture range (per cent) 

1941 

37.0-31.0 

37 0-25.0 

37.0-19 0 

37.0-13.0 

37.0- 7.0 

1942 

33.1-28.7 

33.1-24.3 

33.1-19.9 

33.1-15.5 

33.1-11.1 

Mercury tension (cm) 

1941 

2.6 

6.8 

18.4 

41.5 

* 

1942 

4.3 

7.7 

17.6 

42.0 


Amount of water applied per 

1941 

1,200 

2,400 

3,600 

4,800 

6,000 

watering (ml) 

1942 

1,060 

2,120 

3,180 

4,240 

5,300 

Number of times watered 

1941 

50.0 

213 

15.0 

5.3 

1.6 


1942 

37.4 

17.6 

10.1 

6.1 

2.6 

Total amount of water used 

1941 

60,000 

51,120 

54,000 

25,440 

9,600 

(ml) 

1942 

39,644 

37,312 

32,118 

25,864 

13,780 

ry weight of trees when 

1941 

45.2 

45.4 

46.0 

45.6 

46.2 

planted (g) 

1942 

52.8 

57.8 

54.7 

52.8 

56.2 

Trunk diameter of trees 

1941 

0.93 i 

1.04 

1.02 

1.03 

1.05 

when planted (cm) 

1942 

0.98 i 

1 03 

l.Ol 

0.99 

1.04 


♦Tensiometer construction would not record mercury tension at the wilting point. Wilting of 
leaves was used as an index of water utilization. 


1942. This may have been due in part to the decomposition of organic 
matter after the sod was cut. 

There was a pronounced difference in the frequency of watering and 
the amount of water used by the various treatments. The treatments 
using 20, 40 and 60 per cent of the available soil moisture received 
essentially the same amount of water during the growing period while 
considerably less water was required when 80 or 100 per cent of the 
available soil moisture was used. Although the trees were larger in 
1942 at the time of planting, as shown in Table I, less water was used, 
and as will be shown later, less growth was made during the 1942 
growing period. These features are believed to be due to the unbroken 
rest period at the time of planting. 

The trees were rather uniform between treatments as shown in 
Table I. Analysis of variance failed to show any significant differences 
existing in the comparisons by treatment of the computed dry weight 
or trunk diameter at the time of planting. 

At the close of the experiment there was a very marked difference 
in size of tree and amount of growth made by the different treatments. 
These differences are shown in Fig. 1 which presents photographs of 
one tree of each treatment that was selected on the basis of average 
trunk diameter increase occurring during the 1941 growing period. 
Measurements and calculations made on the growth, chlorophyll con- 
tent, and leaf area, as influenced by the utilization of soil moisture, are 
presented in Table 11. 

Shoot growth and chlorophyll content per tree, as shown in Table II 
had somewhat similar trends in that both showed a marked reduction 
when at^ least 80 per cent or more of the available soil moisture was 
used, prior to the application of water. There was no significant reduc- 
tion in shoot growth when the use of 80 per cent of the available soil 
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TABLE II — Growth, Chlorophyll Content and Leaf Area as In- 
fluenced BY THE Utilization of Soil Moisture 



Year 

Available Soil Moisture (Per Cent Used) 

1 Mean Difference for 

1 Significance 

20 j 

40 ] 

60 

80 

100 j 

j 5 Per Cent | 1 Per Cent 

Shoot Growth (cm) 

1941 

230 00 

230.00 

240.00 

154.00 

; 99.00 

89.00 : 

' 148.00 

1942 

156.00 

187.00 

148.00 

131.00 

i 86.00 i 

57,00 1 

1 102.00 


Average 

193.00 

208.00 

194.00 

142.00 

! 92.00 

59.00 ! 

1 99.00 

Chlorophyll content 
(mg /tree) 

1941 

265.42 

281.62 

262,96 

163.52 

88.76 : 

1 117.20 1 

1 194.38 

1942 

241.07 

262.53 

222.32 

174.31 

101.09 ! 

! 62.65 

103.91 

Average 

253.24 

272.08 

242.64 

168.92 

94.92 

59.10 1 

98.02 

Increase trunk 

1941 

0.36 

0.36 

0.37 

0 15 

0.08 

1 0.05 ! 

0,09 

diameter (cm) 

1942 

0.36 

0.36 

0.30 

0.20 

0.11 

i 0.08 i 

0.13 

Average 

0.36 

0.36 

0 34 

0.18 

0.10 

0.08 

0.13 

Chlorophyll content 

1941 

8.99 

9.60 

9.50 

8.9S 

S.59 ; 

2.16 

3.14 

(mg/dm*) 

1942 

9.47 

9.79 

9.89 

9.49 

i 9.42 

1.14 

1.89 

Average 

9.23 

9.70 

9,70 1 

9.24 

j 9.00 1 

1.08 

l.SO 

Total leaf area 

1941 

29.32 

29.51 

28.71 

17.44 

1 10,46 i 

12.66 

29.99 

(dma) 

1 1942 

25.68 

26.89 

22.51 ! 

18.68 

10.72 

7.50 i 

12.43 

1 Average 

27,50 

28.20 

25.61 

18.06 

10.59 

1 680 

11.80 

Increase dry weight 

1 1941 

85.30 

95.60 

97.10 i 

49.10 

28.50 

1 39.70 

65,80 

(g) 

1 1942 

80.30 

89.70 

68.70 

49.50 

23.60 

22 50 

37.40 

i Average 

82.60 

92.60 

82.90 

49.30 

26.00 

1 21.10 

! 35.00 


moisture was compared to the use of 20 and 60 per cent. However, 
the shoot growth w'as significantly less than the treatment using only 
40 per cent of the available soil moisture. When the trees were allowed 
to wilt, the shoot growth was significantly less than that produced 
when only 20, 40 or 60 per cent of the available soil moisture was used. 
These same relationships were true for the chlorophyll content per tree 
except that there was a significant reduction when more than 60 per 
cent of the available soil moisture was used prior to watering. This 
similarity in the amount of shoot growth and chlorophyll content per 
tree may be expected in that there was no significant differences in 
chlorophyll content per unit of leaf area. 

The increase in trunk diameter for trees using 80 per cent of the 
available soil moisture was significantly less than for trees using 20, 



Fig. 1. Influence of soil moisture utilization upon growth of apple trees. 
From left to right : 20, 40, 60, 80, and 100 per cent of available soil mois- 
ture utilized prior to watering. 
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40 and 60 per cent. Trees using 100 per cent increased significantly 
less in trunk diameter than trees using 80 per cent of the available soil 
moisture. There was no significant change in trunk diameter increase 
when 20, 40 or 60 per cent of the available soil moisture was used. The 
same relationships shown for the increase in trunk diameter, as influ- 
enced by the utilization of soil moisture, also existed for measurements 
of the total leaf area per tree and the increase in dry weight per tree. 

The slight influence of the 
utilzation of only 20 per cent 
as compared to the utilization 
of 40 per cent of the available 
soil moisture is interesting. 
There was a reduction in all 
measurements as shown in 
Table II when not more than 
20 per cent of the available 
soil moisture was used prior 
to watering. This was appar- 
ently due to a lack of proper 
aeration of the soil. 

Moisture content and dry 
weight of leaves, shoots 
roots, and the entire tree as- 
sociated with the utilization 
, of varying amounts of avail- 
able soil moisture are shown 
in Fig. 2. 

The moisture content of 
shoots and roots was slightly 
less when 20 per cent of the 
available soil moisture was 
used as compared to using 40 
per cent (see Fig. 2). How- 
ever, the reverse was true for 
the leaves, while there was no 
Fig. 2. Moisture content and dry difference for the entire tree. 

Etfc g The moisture corrtml. for tW 

the utilization of soil moisture entire tree was significantly 

(R.D.S.— required difference for reduced by the utilization of 

significance). the 100 per cent of the avail- 

able soil moisture as compared 
to the utilization of 20 and 40 per cent. The shoots showed a significant 
reduction in moisture content when 100 per cent of the available soil 
moisture was used as compared to the use of 20, 40 or 60 per cent of 
the^ available soil moisture. The leaves showed a significantly higher 
moisture content when the soil moisture was maintained above 20 per 
cent as compared to those trees allowed to wilt prior to watering. As 
for the roots, no significant differences occurred in the average values. 
However, in 1942 the moisture content of the roots was significantly 
higher when only 20 or 40 per cent of the available soil moisture was 
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used as compared to the use of 100 per cent. The differences existing 
in the average values for the moisture content of the leaves, shoots, 
and for the entire tree w^ere, in general, similar for both years. 

The dry weight of leaves and shoots produced by the utilization of 
100 per cent of the available soil moisture was significantly less than 
for any of the other treatments. Likewise, the dry weight produced by 
the use of 80 per cent of the available soil moisture was significantly 
less than for treatments using 20, 40 or 60 per cent. There were no 
differences in dry weight of leaves and shoots produced by the use of 
20, 40 or 60 per cent of the available soil moisture. 

There was no significant reduction in the dry weight of roots or for 
the entire tree produced by the utilization of 80 per cent of the avail- 
able soil moisture. When 100 per cent of the available soil moisture 
w^as utilized the dry weight of roots and entire tree was reduced 
significantly. However, the dry weight production did not vary sig- 
nificantly by using 20, 40 or 60 per cent of the available soil moisture. 

As was true for chlorophyll content, shoot growth, and total dry 
weight increase, the use of only 20 per cent of the available soil mois- 
ture caused a slight but insignificant reduction in the dry weight of 
all parts of the tree as compared with those trees using 40 per cent of 
the available soil moisture. This may be attributed to the lack of proper 
aeration of the soil when not more than 20 per cent of the available 
soil moisture was used. Should aeration be the sole factor, one could 


logically expect the roots to 
exhibit the greatest variation. 
However, the shoots showed 
the greatest reduction in dry 
weight which indicates that a 
lack of aeration did not in- 
hibit root growth, but limited 
the absorption of nutrients 
essential for the production 
of dry matter. 

The amount of chlorophyll 
and leaf area per unit gain in 
dry weight (Fig. 3), and ratios 
between dry weight of leaves, 
shoots and roots were calcu- 
lated as an aid in the inter- 
pretation of the influence of 
soil moisture utilization. 

The chlorophyll content and 
leaf area per unit of dry 
weight increase, as shown in 
Fig, 3, were smallest when 40 
per cent of the available soil 
moisture was used prior to 
watering. This indicates that 
the chlorophyll and leaf area 
may be assumed to function 
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Fig. 3. Chlorophyll and leaf area 
per unit of gain in dry weight 
as related to the utilization of 
soil moisture. 
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most efficiently within this range of available soil moisture. The effi- 
ciency of the chlorophyll and leaf area were markedly reduced when 
80 or 100 per cent of the available soil moisture caused a less marked 
reduction in the efficiency of the chlorophyll and leaf area. 

The ratio of shoots to roots showed the least variation resulting 
from the use of varying amounts of available soil moisture, while the 
greatest variation occurred in the root-leaf ratios. These ratios show' 
the dry weight of leaves to be more readily influenced than shoots or 
roots by the utilization of greater percentages of the available soil 
moisture. How'ever, this influence does not appear very noticeable un- 
til 100 per cent of the available soil moisture is used prior to watering. 

The correlation coefficients and regression equations found in cor- 
relation studies between the amount of water used, leaf area, chloro- 
phyll content per tree, shoot growth, trunk diameter increase, and dry 
W' eight increase are presented in Table III. As is shown in this table 

TABLE III — Correlation Coefficients and Regression Equations 
FOR Various Correlated Factors 


Correlated Pactoi'S*' 

Correlation 

Coejfficient 

Regression Equation 

X 

y 

r = 

Ey = 


Water used 

Leaf area 

0.896 

0.527X H 

h 4.17 

Water used 

Chlorophyll 

0.850 

4.70x H 

-48.1 

Water used 

Shoot growth 

0.856 

3.83x H 

-33.1 

Water used 

Trunk diameter increase 

0.846 

0.007x H 

- 0.03 

Water used 

Dry weight increase 

0 879 

1.79x J 

- 6.06 

Leaf area 

Chlorophyll 

0.970 

9.11X - 

- 6.78 

Leaf area 

Shoot growth 

0.920 

7.00X - 

- 8.81 

Leaf area 

Trunk diameter increase 

0.912 

O.OlSx - 

- 0.017 

Leaf area 

Dry weight increase 

0.954 

3.30x - 

- 6.90 

Chlorophyll 

Shoot growth 

0.879 

0.712X + 15.17 

Chlorophyll 

Trunk diameter increase 

0.905 

0.00 14x - 

■ 0.23 

Chlorophyll 

Dry weight increase 

0.946 

0.36x - 

- 6.93 

Shoot growth 

Trunk diameter increase 

0.817 

0.0015X 4- 0.022 

Shoot growth 

Dry weight increase 

0.900 

0.429X - 

- 3.30 

Trunk diameter increase 

Dry weight increase 

0.913 

1 249.42X 4- 0.0 


^Correlated factors weie expressed in the following units; Water used — liters, leaf area — square 
decimeters; chloiophyll — milligrams per tree; shoot growth — centimeters per tiee; trunk diam- 
eter increase — centimeters; and diy weight increase — ^grams; 75 values for each correlation. 


the inter-relationships between water used, leaf area, chlorophyll con- 
tent per tree, shoot growth, trunk diameter increase, and dry weight 
increase all have a correlation coefficient far above that required for 
significance at the 1 per cent level. Scattered diagrams of the loci 
for these correlations failed to show any grouping by years or by treat- 
ments. Therefore, both years and all treatments were grouped together 
for the calculation of the correlation coefficients and regression equa- 
tions. 

The regression equation for the correlation between trunk diameter 
increase and dry-weight increase is the only one that shows a zero 
point of origin. By analyzing these regression equations, the following 
conclusions may be made : initial chlorophyll development and growth 
is accomplished at the expense of the initial moisture available in the 
soil or in the tree ; chlorophyll development and shoot growth precede 
leaf area development; trunk diameter increase and dry weight in- 
crease lags behind leaf area development ; shoot growth initiates prior 
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to chlorophyll development; trunk diameter increase precedes shoot 
growth while dry weight increase lags behind shoot growth; and dry 
weight increase is simultaneous with trunk diameter increase. 

Discussion 

The results presented here agree fairly well with the results of 
experiments conducted by various other workers (1, 2, 4, 6, 8, 9, 13 ) 
in that apple trees show a marked reduction in growth prior to deplet- 
ing all the available soil moisture. The claim of Hendrickson and 
Veihmeyer (8, 9, 10, 11, 12) that all the available soil moisture is 
readily usable is not supported by these studies. A question may be 
raised in regard to the accuracy in determining the moisture status in 
a volume of soil that would be occupied by the roots of several trees. 
Unquestionably, several samples for each depth reported would be 
essential for this determination. Since there is a normal but restricted 
cross-transfer of moisture within the tree (5, 19), if a certain un- 
sampled soil area should contain available water, such moisture would 
be available to all parts of the tree. Such conditions may have existed 
at depths below those sampled by Hendrickson and \"eihmeyer. Only 
a few roots would need to penetrate these depths in order to obtain 
the moisture. 

Apparently, however, fruit tree growth is closely associated with the 
soil moisture available in the soil mass where the largest concentration 
of roots occur (1, 4, 13, 16). The experiments reporting such findings, 
however, were conducted on soils of finer textures than were used by 
Hendrickson and Veihmeyer. 

Curves relating per cent of soil moisture to tension show’ that the 
increase in tension associated writh drying of the soil is more gradual 
on soils having large sized particles than on soils having small sized 
particles. Thus the difference in tension, diffusion pressure deficit, or 
similar measurements, from field capacity to “near'' the wdlting point 
is relatively small on soils of large sized particles as compared to soils 
of small sized particles. This w’ould indicate that in order to measure 
the response of fruit trees to gradual drying of the soil, or use of 
different amounts of the available w’ater prior to irrigation, a more 
extensive and refined experiment wmuld be needed on soils of large 
sized particles than on soils of small sized particles. 

Stomatal activity has been assigned as being the principal factor in 
limiting photosynthesis during periods of drought (4, 6, 13, 17, 18, 
23). The closing of the stomata first retards the rate of transpiration 
(6, 23), and then reduces the apparent photosynthesis. This reduction 
in apparent photosynthesis is persistent for a time even after moisture 
has been replaced (23). Apparently reduction in photosynthesis, as- 
sociated with moisture deficiency, is not solel}^ governed by the closing 
of the stomata, but also by some factor that requires a period of regen- 
eration before a recovery in photosynthesis is effected. As observed in 
these studies, chlorophyll is reduced when the demands for soil mois* 
ture are excessive. Therefore, stomatal activity together with reduced 
chlorophyll content and certain other factors limit photosynthetic 
activity under conditions of drought. 
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Conclusions 

Through greenhouse studies it was found that utilization of 80 per 
cent or more of the available soil moisture significantly reduced total 
chlorophyll per tree, shoot growth, trunk diameter increase, dry 
weight increase, and leaf area. 

Chlorophyll per unit of leaf area was not decreased significantly by 
using 80 per cent or more of the available soil moisture. 

Permitting apple trees to use only 20 per cent of the available soil 
moisture resulted in an insignificant decrease in chlorophyll per unit 
of leaf area, total chlorophyll per tree, shoot growth, trunk diameter 
increase, dry weight increase, leaf area, and moisture content of shoots 
and roots. 

The moisture content of shoots, leaves, and the entire tree was sig- 
nificantly reduced by permitting the trees to wilt prior to watering. 

The efficiency in production of dry matter by a unit of chlorophyll 
or leaf area was highest when the trees were permitted to use 40 per 
cent of the available soil moisture prior to watering. 

Correlations of high significance were found to exist between amount 
of water used, leaf area, chlorophyll content per tree, shoot grow^th, 
trunk diameter increase, and dry weight increase. 
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Factors Contributing to the Growth of Newly 
Transplanted Tung Trees 

By Marshall S. Neff and Edmund N. O’Rourke, Jr., IL S, 
Department oj Agriculture, Camo, Ga, 

T ransplanted tung trees characteristically exhibit two sigmoid 
growth curves during the first year in the orchard rather than a 
single one as normally expected for most plants. This abnormality is 
caused by a drop in the growth rate following the first surge of growth ; 
the severity and duration of the drop are of considerable practical im- 
portance because trees that suffer a marked and prolonged drop in 
growth rate in the spring fail to make satisfactory total linear growth 
by the end of the growing season. Spring droughts, which frequently 
occur in southem Georgia and northwestern Florida, are thought to 
contribute to the drop in growth rate, but it seems likely that factors 
other than droughts are involved. Proper cultivation has been the 
greatest factor in minimizing it (1, 3, 4). In order to devise further 
means of reducing the objectionable drop in growth rate it is neces- 
sary to understand more completely the factors involved. 

Materials and Methods 

In 1948, tung trees were planted in two separate experiments de- 
signed to determine : (a) whether established trees with roots intact 
exhibit a drop in growth rate similar to transplanted trees ; (b) whether 
root systems are adequate at the time that the drop in growth rate oc- 
curs; (c) w’’hether limiting top growth has any major effect on root 
growth; (d) wdiether the drop in growth rate can be eliminated or 
modified by better care of the trees during transplanting; and (e) 
whether exhaustion of stored food reserves affects the drop in growth 
rate. 

On February 16 an experiment was set up near Thomasville, 
Georgia, on Red Bay fine sandy loam to compare the rate of growth of 
24 transplanted 2-year-old seedling nursery trees pruned back to 18- 
inch trunks with that of 24 similar trees pruned back but left in the 
nursery with roots undisturbed. The transplanted trees were dug with 
a maximum amount of fibrous roots intact and with such care that the 
roots were not exposed to the air for more than a few seconds. Eacli 
plot consisted of two trees planted 24 to 30 inches apart and each treat- 
ment was replicated 12 times. The trees were allowed to develop a vase 
form and linear growth measurements were taken from time to time. 
Each tree received pound of 3-8-6 fertilizer on April 19, and 34 
pound of zinc sulphate. The trees were cultivated frequently to elimi- 
nate any effect of weed growth. 

On February 20, at Cairo, Georgia, 96 2-year-old seedling nursery 
trees were cut off at 18 inches, dug up, and exposed to the air for ap- 
proximately 1 hour, after which one lot of 48 trees were heeled in ; the 
trees of the other lot Avere exposed to the direct rays of the sun for S 
hours before being heeled in. All trees were replanted on March 2 
on Norfolk fine sandy loam soil. Thereafter one-half of each lot was 
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pruned by rubbing off all developing buds every few davs ; the other 
half of each lot was unpruned. The trees were cultivated 'trequently to 
eliminate any effect of weed growth. Each tree was fertilized with 
pound of 3-8-6 fertilizer on April 29 and >'4 pound of 4-8-6 fertilizer 
and ^ pound of zinc sulphate on June 8. More than the usual amount 
of rainfall fell in the spring of 1948, but periods of dry. hot weather 
occurred during May and June (Fig. 1). On llzy 26 the trees were ir- 
rigated until the soil was saturated to a depth of at least 2 feet. Two 
days later a moderate rainfall added further moisture. 

Linear shoot growth measurements were recorded from time to 
time and daily^ rates of growth were calculated. Oiie-third of the trees 
were dug April 10, one-third May 7, and the remainder June 28. for 
root growth determinations from which top/root ratios \vere calcu- 
lated. In measuring root growth, roots arising from callus tissue 
formed at the severed ends of large roots were recorded separately 
from fibrous roots arising at other points. In order to make further ob- 
servations, trees removed and stripped of top and root growth on April 
10 and May 7 were immediately replanted in the same place from which 
they had been dug. 

The trees were arranged in a split plot design in which dates of dig- 
ging were the main plot treatments, set up in four replications, eight 
trees per plot. The four combinations of exposure of roots with pruning 
after planting formed the sub-plot treatments, differences between 
which are determined wdth maximum precision. Each sub-plot consisted 
of two trees. 


Results 

The trees stripped of roots and shoot growth on April 10 when the 
daily rate of growth was 2.5 centimeters and on the increase and those 
similarly treated on May 7 after the daily rate of growth had passed the 
peak and had dropped to 1.9 centimeters, produced, when replanted, 
growth curves paralleling previous growth responses (Fig. 1). The 



i./ TflEES DUG^ 5TR1PPE11 OF ROOTS ANO 5HDDT5 AND REPlAHlEO AT THIS TIME 

1 / WATEREQ 

Fig. 1. Effect of digging and replanting on calculated daily rate of shoot 
growth of 2-year-oId seedling tung trees transplanted March 2, iy4o. 


INCHES OF RAINFALL 
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twice-planted trees reached high maximum rates of growth during a 
period wdien check trees not replanted were growing very slowly. Dur- 
ing the period June 8 to 14, when the check trees planted March 2 
were growing at a rate of 0.05 centimeters per day, the trees stripped 
of roots and top growth April 10 were growing at the rate of 1 .21 centi- 
meters per day, and those similarly stripped and replanted May 7 at the 
rate of 2.15 centimeters per day. 

Response to irrigation on May 26 depended on the condition of the 
trees and type of growth. Slow growing trees with considerable top 
growth responded slightly to the application of water. Trees under- 
going the first surge of top growth, therefore having little leaf surface, 
were not influenced by application of water. Trees actively growing 
and having produced considerable top growth readily responded to 
watering. 

Double sigmoid growth curves were not restricted to transplanted 
trees. Trees with all the food reserves and absorptive ability of estab- 
lished 2-year-old roots suffered a drop in growth rate (Table I) . Trans- 


TABLE I — Effect of Transplanting on Total Linear Top Growth of 
Two- Year-Old Tung Trees Trained to Vase Form 


Date of Measurement 
and Final Date for 
Each Growth 
Period 

Trees Not T 

'ranspl anted 

Trees Tra 

•nsplanted 

Total 

Linear Growth 
(Cm) 

Calculated Daily 
Rate of Growth 
(Cm) 

Total 

Linear Growth 
(Cm) 

Calculated Daily 
Rate of Growth 
(Cm) 

Apr fl . 

25 7 


21.6 


Apr 16 

99,7 

7 40 

59.7 

3.81 

May 19 

349.3 

7.34 


1.23 

Tun 7 

449.0 

6.25 


0,21 

Jun29 

806,0 

16.23 

1 123.3 ! 

0.81 


planted trees, as well as trees with undisturbed roots, reached a high 
rate of growth by April 15, dropped to a minimum by June 7, and were 
recovering by June 29. The daily rates of growth for the periods ending 
May 19, June 7, and June 29, were respectively, 1.23, 0.21, and 0.81 
centimeters for transplanted trees, and 7.34, 5.25, and 16.23 centimeters 
for trees with undisturbed roots. The average growth rate in early 
June was approximately 17 per cent of the previous maximum growth 
rate in the case of transplanted trees and approximately 72 per cent in 
the case of trees with undisturbed roots. The differences in growth 
rate between transplanted trees and undisturbed trees during these 
three periods, expressed as percentage of the previous maximum 
growth rate, attained statistical significance beyond the .001 level of 
probability. Trees with undisturbed roots produced more terminal 
growth than the transplanted trees, the difference by April 5 attaining 
a significance beyond the .01 level of probability, and differences at 
later dates a si^ificance beyond the .001 level. 

In the experiment having to do with exposure of the roots to sun 
and with disbudding subsequent to planting, it was found that the ex- 
posure did not significantly affect top or root growth, Hence only data 
on pruning and date of digging will be presented here. 

During the period prior to April 10, non-disbudded trees produced 
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on the average 1.64 grams of top growth; between April 11 and May 7. 
24.57 grams ; and from Ma}’ 8 to June 28, 25.34 grams. The percentage> 
of the total top growth for the three successive periods were 3.2, 47.7, 
and 49.1 respectivel^E Corresponding root weights of non-disbudded 
trees during the three successive periods, were .21 grams, 1.28 grams, 
and 8.13 grams, and the percentages of the total root growtli for tlie 
three periods were 2.2, 13.3, and 84.5. 

During the period prior to April 10, non-disbudded trees produced 
on the average 0.21 grams of fibrous roots, from April 11 to May 7. 

1 .19 grams and from May 8 to June 28, 2.06 grams. The percentages of 
the total fibrous roots for the three successive periods were 6.1. 34.4, 
and 59.5, respectively. Corresponding data for trees continually dis- 
budded were 0.05 grams and 0.23 grams, respectively, during the first 
and second periods ; during the third period there was an apparent loss, 
no doubt due to sampling error. The percentages of total fibrous rooth 
for the first and second periods were 17.9 and 82.1, respectively. 

None of the trees dug April 10 had formed callus tissue at the severed 
ends of the large roots. Fourteen out of the 16 trees with normal top 
growth had callus tissue formation by May 7. Of these 14 trees, four 
had a few roots developing from the callus tissue. All trees dug June 28 
had large callus growths and numerous roots developing from the 
callus regions. 

During the period prior to April 10 non-disbudded trees produced 
on the average 0.00 grams of callus roots, between April 11 and jMay 

7, 0.09 grams and between May 8 and June 28, 6.07 grams. The per- 
centages of total callus roots for the three successive periods were 0.00, 
1.5, and 98.5 respectively. Corresponding data for trees continually dis- 
budded were 0.00 grams, 0.0005 grams, and 0.32 grams, respectively ; 
99.9 per cent of the total callus root growth occurred between May 8 
and June 28. 

Roots from callus tissue differed greatly from typical fibrous roots, 
being much thicker. The fibrous root system did not assume the func- 
tions of main roots ; instead there was regeneration of the main root 
system from roots arising from callus tissue formed at the severed ends 
of the original roots. In general, the amount or weight of roots from 
callus tissue was correlated with the extent to whicli the root s\'stem 
spread beyond the area bounded by the original root system as trans- 
planted. Roots entering the deeper layers of soil invariably came from 
callus tissue ; the longest roots arising from callus tissue were not, on 
the average, more than inches. 

Average top/root ratios for all trees dug April 10, May 7, and June 
28 were 6.31, 14.72, and 5.06, respectively. Between April 11 and May 

8, the increase in top growth was 19.2 times the increase in root growth. 
Between May 8 and June 28 top growth increase was only 3,1 times 
the root growth increase. 

Differences in fibrous, callus and total roots due to disbudding and 
the corresponding interactions of period with disbudding all attain 
statistical significance at or near the .001 level. Over-all differences l>e- 
tween periods attain statistical significance only in the case of callus 
roots (Table II). 
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TABLE II — Effect of Disbudding on Top and Root Growth of Trans- 
planted Two-Year-Old Nursery Tung Trees, Dug April 10, May 
7 and June 28, 1948. 




G 

■rowth During Success 

live Periods 



Prior to Apr 10 I 

! Apr 11 to May 7 I 

May 8 to Jun 28 1 

Season 

Criterion 








Weight 

Propor- 
tion of 

Weight 

Propor- 
tion of 

Weight 

Propor- 
tion of 

Total 

Weight 

(Gms) 


(Gms) 

Total 
(Per Cent) 

(Gms) 

Total 
(Per Cent) 

(Gms) 

Total 
(Per Cent) 

Top growth per tree 








Disbudded . . 

0.00 

— 

0.00 

— 

0.00 

— 

0.00 

Not disbudded. . 

1.64 

3.2 

24.57 

47.7 

25.34 

49.1 

51.55 

Average 

0.82 

3.2 

12.28 

47.7 

12.68 

49.1 

25.78 

Fibrous roots 








Disbudded 

0.05 

17.9 

0.23 

82.1 

t 

t 

0.28 

Not disbudded 

0.21 

6.1 

1.19 

34.4 

2.06 

59.5 

3.46 

Average 

0.13 

7.0 

0.71 

38.4 

1.01 

54.6 

1.85 

Callus roots 








Disbudded . . 

0.00 

00 

0.00* 

0.0 

0.32 

100.0 

0.32 

Not disbudded . . . . 

0.00 1 

0.0 1 

0.09 

1.5 

6.07 

98.5 

6.16 

Average 

0.00 i 

0.0 I 

0.05 

1.5 

3.19 

9S.5 

3.24 

Total roots 








Disbudded 

0.05 

8.9 ; 

0.23 1 

41.1 

0.28 

50.0 

0.56 

Not disbudded. . . . 

0.21 

2.2 I 

1.28 ! 

13.3 

8.13 

84 5 

9.62 

Average . 

0.13 

2.6 

0.76 

14.9 

4.20 

82.5 

6.09 

Top /root ratio of non- 
disbudded trees . 









LSI 

1 19.2 


3.1 



*The 16 trees actually had a few callus roots, averaging .0005 grams per tree. 

tThe weight of fibrous roots on the trees dug June 28 was slightly less than that for trees dug 
May 7. 

Differences in fibrous, callus, and total roots due to disbudding and the corresponding inter- 
actions of period with disbudding all attain statistical significance at or near the .001 level. 

Over-all differences between periods attain statistical significance only in the case of callus roots. 

Discussion 

It has been repeatedly observed that newly transplanted tung trees 
begin the growing season with a relatively high rate of top growth. 
This high rate of growth is of short duration, followed by a decided de- 
crease in growth rate often extending over a considerable number of 
days. It has been suggested that a depletion of initial reserves, moisture 
relations, and adverse top/root ratios may be factors causing this early 
spring decrease in growth rate. 

It is not probable that the period of slow growth rate is caused by 
exhaustion of food reserves ; if this were the case, trees steadily de- 
clining in growth rate would not resume active growth and parallel 
their previous growth curves when replanted after being stripped of 
root and top growth. It is also evident that the depression in growth 
may be to a considerable extent independent of drought and other cli- 
matic factors. Replanted trees were accelerating in growth rate at the 
same time and under the same environmental conditions under which 
growth was decreasing in the check trees which were not replanted. 
The response of the same trees to irrigation, as previously described, 
was apparently conditioned to a major extent, by internal factors. 

The data on relation of top growth to root growth show that growth 
of roots was greatly retarded, even in the early stages, by disbudding 
the trees. If no top growth is made^ more of the stored reserves should 
be available for root production ; but it is clear that they are not ef- 
fectively utilized in the absence of top growth, The data for the same 
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experiment show that the transplanted trees tend to make top growth 
first and then root growth. Between April 11 and :May 7 the increase 
in top growth of nondisbudded trees greatly exceeded that of the roots, 
as is indicated by the top/root ratio of 19.2. This is true, but to a much 
lesser extent, for growth between May 8 and June 28 when the top/ 
root ratio was 3.1. 

Root growth is certainly dependent on organic foods synthesized in 
the leaves, and may also be dependent on other substances such as 
enzymes or hormones. On the other hand Went ( 5 ) has presented 
evidence to show that top growth in the tomato is greatly stimulated by 
a substance other than \vater and nutrients, which is produced in a 
relatively limited but well aerated portion of the root system. This sug- 
gests that substances in the nature of honnones may play an important 
role in controlling relative growth of roots and tops. " 

At the same time it is obvious that under field conditions moisture 
may be the all-important factor controlling top growth. Miller (2) re- 
views several experiments conducted between 1898 and 1930, which 
show rather consistently that in plants like corn and small grains rel- 
atively large tops and small root systems tend to develop in moist soils, 
wdiile relatively small tops and large root systems tend to develop in 
dry soils. Apparently a moisture deficit checks growth of tops more 
than growth of roots. It is believed that both unfavorable top/root ratios 
and adverse moisture conditions may contribute to the check in top 
growth, and that these are the most important factors. 

Summary 

In an experiment with 2-year-old seedling tung trees it was found 
that both transplanted and non-transplanted trees began the growing 
season with a relatively high rate of growth, which was of short dur- 
ation and was followed by a decided decrease in growdh rate extending 
over a number of days. 

Exposure of the roots to direct rays of the sun for 5j4 hours had 
no significant effect on the severity or duration of the check in growth. 

Trees dug and stripped of root and shoot growth during the drop in 
growth rate resumed active top growth upon replanting, at a time when 
check trees not replanted were growdng very slowdy. This indicates 
that the drop was independent of food reserves in the trees. To a certain 
extent it was also independent of the w’eatlier, since growth rate for 
one lot of trees was increasing at exactly the same time and under the 
same environmental conditions that growth in another lot "was de- 
creasing. 

The data show that transplanted trees tend to make top growth first 
and then root growth. 

Preventing top growth very greatly reduced the production of roots, 
and there appeared to be alternate cycles of top and root growth. It is 
suggested that the roots may supply substances essential for top growth, 
other than water and nutrients, and that roots require substances other 
than organic foods produced in the tops. 

However, under field conditions soil moisture is obviously often the 
all-important factor controlling top growth. 
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Wheels of Nutrition — A Method of Demonstrating 
Nutrient-Element Balance^ 

By A. L. Kenworthy, Michigan State College, 

East Lansing, Mich, 

N utrient-element balance for plants has been discussed tor many 
years ^by research workers, instructors, extension specialists and 
growers. Ihe earlier concepts of this balance involved only a few of the 
essential nutrient-elements. However, a more recent concept (2 ) 
maintains that all of the nutrient-elements essential for plant growth 
must be in proper balance or relationship with one another. Once one 
has a mental picture of this relationship the concept of nutrient-element 
balance is clear and understandable. However, students, growers or 
others who have not given much thought to the concept have difficulty 
in developing a mental picture that would enable them to visualize 
a balanced condition between the various nutrient-elements required by 
plants. 

This difficulty may be largely the result of not having a means of 
expressing the balanced condition that is being constantly referred to, 
and which, in a large measure, still remains a theory. Plant analyses 
have been a very useful aid in demonstrating nutrient-element balance. 
Attempting, however, to visualize a balanced condition existing be- 
tween absolute values of plant composition, such as 2.11 per cent nitro- 
gen, 0.25 per cent phosphorus, 1.34 per cent potassium, 0.68 per cent 
magnesium, 1.12 per cent calcium, 120 ppm of manganese, 30 ppm of 
boron, and so on, is difficult because of the wide differences between 
such values. Students, growers, and other groups have listened to 
lectures and talks that attempted to familiarize them with such values, 
but standards have not been established so that they may have a con- 
stant reference point for comparison. 

Various methods have been employed to depict visibly this balanced 
condition that is necessary for optimum plant growth. The usual graphs 
readily show by correleation the relationships that may exist between 
two elements. The use of triangular coordinates increases the discus- 
sion to three elements. The use of a "'barrel-stave'' technique as a visual 
aid enables one to picture readily the basic features of balance but 
mainly emphasizes the idea of limiting factors in that the barrel cannot 
be filled above the shortest stave. This leaves the longer staves as an 
extravagant use of nutrient-elements but does not bring in the concepts 
that a "toxicity” of one nutrient-element may be re&cted in a "de- 
ficiency” of another. Also, with the "barrel-stave” technique, it is diffi- 
cult to show diagramatically all of the elements in one picture. 

Recently, the author has made several attempts in classrooms and at 
grower meetings to explain the concept of nutrient-element balance, 
interrelationships between nutrient-elements, and the influence that 
various cultural practices have on this balance. Students listening to 

^Journal article 1102 of the Michigan Agricultural Experimpt Station. 

The author is grateful for the suggestions, help and criticisms of Dr. H. B. 
Tukey, Mr. Roy K. Simons and others of the Horticulture Department who were 
most helpful during the development of this procedure. 
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such lectures were unable to grasp the meaning and growers showed 
little interest in the earlier lectures. This failure was largely because of 
the usual method of graphs, correlations, and other means of showing 
the relationships between two or three elements were used. Finally a 
method was developed as a visual aid that would enable one to compare 
all nutrient-elements, or as many as desired, in relation to each other 
as affected by two treatments, or a series of treatments with a standard 
treatment. 

Analogies 

A few analogies should be made so that the method may be more 
clearly understood. These are made by using a diagram of a wagon 
that is pulled by a tractor. The tractor is considered to represent capi- 
tal while the various parts of the wagon may be considered as follows : 
the bed as production, the end-gate chain as spraying, and the reach as 
pruning. The wheels are the main part and are considered to be wheels 
of nutrition which are made up of spokes that represent the various 
nutrient-elements. 

The object of striving for a nutrient-element balance is to enable the 
tractor or capital to pull a larger load with less work. This is accom- 
plished by making all spokes of equal length ; thus bringing them all 
into balance. The size of wheel also affects the capacity or production- 
load for a given size tractor or capital. Thus the capital is able to pull 
a larger production-load with larger wheels and the size of wheel is 
described as intensity of nutrient-element balance. 

However, as with any vehicle, if the wheels are too large the safety 
factor is reduced. As this safety factor is reduced, there is a greater 
likelihood of "'wrecks''. In an orchard, these "wrecks" may be as- 
sociated with serious outbreaks of insects or diseases, reduced quality, 
or a number of factors that may reduce marketable fruit of good qual- 
ity. The optimum size for the wheel of nutrition is established, largely, 
by the weather or climate involved in the production area. Such fea- 
tures as soil, rainfall, light, length of day, temperatures, and so on may 
readily induce a change in the optimum values. 

With these analogies, it is apparent that in order not to over-wo’rk 
the tractor or capital, the wheel of nutrition should be made up of 
nutrient-element spokes that are of the same and of optimum length. 
There is a likelihood of a reduction in yield, particularly marketable 
yield, if some spokes are too short or too long. This reduction means 
that the producer is not taking full advantage of the weather and is 
requiring excess capital per unit of production. 

Ranges in Plant Composition 

Leaf or plant analyses have shown that any one nutrient-element 
may vary considerably. In general the amount 'present in the material 
analyzed may vary from a very low value to a very high value. At very 
low values, visible deficiency symptoms are often present while at very 
high values visible symptoms of excess often occur, or as with some 
elements, a visible deficiency symptom develops for another element. 
Somewhere between these two extremes is found the value for opti- 
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mum growth, and/or production. This optimum value doubtlessly is 
not a constant for all years, varieties, species, or climates and may vary 
as a result of numerous factors. 

Somewhere between the values for optimum growth, and the value 
where deficiency symptoms may occur, there is a range in plant com- 
position where the plant responds markedly to nutrient-element appli- 
cations. This range has been termed as '‘hidden hunger”, or “hidden 
deficiency”. Likewise, there is a range in composition somewhere be- 
tween the optimum values and the values where visible excess symp- 
toms may occur at which additions of a nutrient-element value results 
in a very marked reduction in plant growth and/or production. Such 
a range, in keeping with other terms, may be called “hidden excess” 
or “approaching excess”. 

Plant analyses have shown that optimum growth and production 
may occur when the analysis for any one nutrient-element varies 
considerably. Thus there appears to be a range of values in plant com- 
position at which optimum growth, visible deficiency or excess symp- 
toms, and “hidden deficiency” or excess may occur. These ranges in 
plant composition may be compared to a traffic signal light. The visible 
deficiency or excess range may be considered as the red or danger 
signal, the “hidden” deficiency or excess range may be considered as 
the caution signal, while the range for optimum growth may be con- 
sidered as the green or go-ahead signal. 

Such a color scheme has been 
used in a “nutrient-element bal- 
ance chart” (1). This chart (Fig. 

1 ) has a black center to represent 
the hub of the wheel and is sur- 
rounded by five concentric bands 
to represent the ranges in plant 
composition mentioned above. 

These bands are arranged from 
the black center outward as fol- 
lows: The first band is colored 
red to represent the range of de- 
ficiency ; the second band is amber 
to represent the range of “hidden” 
deficiency ; the third band is green 
to represent the optimum range; i. Diagram of a chart show- 

the fourth band is amber to repre- ing the various concentric bands 

sent the range of “approaching” represeritative of the various 

excess ; and the fifth band is red ranges m compositign, 
to represent the excess range. 

The various nutrient-elements are located at regular intervals around 
the outer edge of the chart. There is no systematic arrangement of the 
elements except that the “major” elements are alternated with the 
“minor” elements. The 10 elements used in Fig. 2 represent the 
nutrient-elements commonly available as commercial fertilizers. How- 
ever, as many elements as desired may be included. 

The amount of the nutrient-element present in the plant material 
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analyzed is expressed by drawing 
a line from the center of the cir- 
cles toward the outer rim. Thus 
the center of the circles is the zero 
value for all elements and the line 
is drawn outward toward the ele- 
ment considered. The middle of 
the green band is considered as 
optimum and is assigned a value 
of 100 for each element. There- 
fore, instead of leaf analysis values 
being compared, which may range 
from 4.0 per cent to as low as 10 
ppm or less, each standard or op- 
timum value is assigned an index 
number of 100, and the analysis 
associated with other treatments 
are then compared to this stand- 
ard. 

This means that the lines drawn 
on the chart are the spokes in the 
wheel of nutrition that is associ- 
ated with leaf analysis of a treat- 
ment in relation to a standard 
treatment or optimum values. The chart, therefore, shows the relative 
nutrient-element balance of a treatment in relation to the best or 
standard treatment, or the relative nutrient-element balance of a plant, 
field, or orchard in relation to the optimum values that have been 
selected as a basis of comparison. The length of the lines or spokes is 
determined by calculating the per cent variation from standard or 
optimum values. 

The use of this chart, where absolute values are converted into 
percentage relationships to standard or optimum values, has an addi- 
tional advantage, in that the results of leaf analysis may l)e expreSvSed 
in terms of the element, as an oxide of the element, milli-cquivalents of 
the element, or in any other manner preferred. Regardless of the meth- 
od us.ed in reporting actual analyses the chart or wheel of nutrition 
will show the same general relationships. 

Statistically significant differences in the leaf composition as as- 
sociated with different treatments may be calculated by means of the 
usual methods. A rough estimate of this significant differences may be 
made by requiring a 10 per cent variation in composition for signifi- 
cance. This means that a variation of approximately one-half the widtli 
of any one of the five bands on the chart would be significantly different 
from the accepted or adopted standard or optimum. Using this index, 
a nutrient-element may be considered as being significantly out of bal- 
ance if the line representing it fails to reach or extends beyond the 
band representing the optimum range. 



Fig. 2. Circular plywood hub show- 
ing imbedded catches for hold- 
ing spokes in place. This disc 
used on plywood chart shown in 
Fig. 3. 
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Demonstrating Nutrient-Element Balance 

The leaf composition associated with various cultural treatments 
has been used in grower meetings and class lectures. The equipment 
used for such lectures is made of wood. A simple tripod is used for 
supporting a piece of j4-inch plywood on which are painted the various 
colored bands previously described. The 4-foot square of plywood is 
hinged, for convenience in carrying, to fold into four pieces in a man- 
ner similar to a paper napkin. A hole is drilled through the center and 
a bolt is inserted. Over this bolt is placed a circular piece of J4"inch 
plywood with a diameter of 7 inches which makes the black center for 
the hub of the wheel. At regular intervals, every 36 degrees, the catch 
part of a No. 5 roller cabinet door catch is imbedded near the edge of 
the circular piece of plywood. These catches are used for holding the 
spokes and makes a rapid means of changing the spokes or pieces of 
wood that represent the various elements (Fig. 2) . 

The spokes that represent the amount of a nutrient-element found in 
the leaf analysis are made from a piece of 1-inch half-round moulding 
that is planed to a thickness. The curved edges of the half- 


Fro. 3. Plywood chart showing the nutrient-elements and a nutrition wheel 
of optimum balance in place. 





52 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


round moulding make a snug fit in the imbedded catch and hold the 
spoke snugly against the center disc (see Fig. 2). The spokes ai*e 
placed on the center disc so that they extend 2 inches in from the outer 
edge of the disc. The dimensions of the large colored, chart are such 
that 1 per cent variation from the standard corresponds to a similar 
change of % ii^-ch in the length of the spoke. 

A bolt is inserted through the large chart to one side of the center 
of the inner circle and fits into a hole on the back of the center disc. 
This bolt locks the disc in position to prevent the wheel from turning. 
The symbols for the various elements are placed at 36 degree intervals 
around the outer edge of the outer red circle. These are made on white 
cards and placed on the chart by use of thumb tacks (Fig. 3) . 

After the wooden strips used for spokes have been cut to the proper 
length the outer surface is painted black. Each spoke is labeled on the 
reverse side with a gummed label, having a code corresponding to the 
lecture cards so that it may be properly identified. By placing small 
labels on the outer edge of the center disc the spokes may be quickly 
arranged in position and disc placed on the chart with no labels 
showing. 

The various spokes are kept in their proper order l)y using a length 
of 36-inch denim cloth. Six inches were folded up on one side and 
sewed every 3 inches. This forms pockets into which five spokes can 
be placed (Fig. 4). A gummed label on the pocket identifies the set of 



Fig, 4. The length of denim cloth with compartments for holding the spokes 
and keeping them in proper order. 

spokes with the lecture cards. After the spokes are inserted into the 
pockets, the cloth is then rolled up and tied for convenience in carrying. 
During the lectures the cloth is unrolled and placed on a table and the 
spokes used as needed. 


2. 
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Effects of Fertilizers Applied to Cover Crops on 
Cover Crop Yield, on Tung Trees, and on the 
Yield and Oil Content of Tung Fruit 

By Ralph T. Brown and George F. Potter, U. S. Department 
of Agriculture, Bogalusa, La, 

I N THE FALL OF 1944 an experiment was inaugurated in a 6-year-old 
seedling tung orchard on Irvington fine sandy loam soil near Irving- 
ton, Alabama, to determine what effect applications of nitrogen, potas- 
sium, doloniitic limestone, and manganese sulfate to the cover crop 
would have on the production of green manure and also on the produc- 
tion, composition, and maturity of the tung fruit^. 

The trees, which were planted 25 feet apart each way, w^ere arranged 
in 32 plots of two trees each, the individual plots being separated by 
appropriate guard rows. From 1944 to 1946, lupine was seeded an- 
nually in September at the rate of SO pounds per acre. The experiment 
was of factorial design with two levels each of nitrogen, potassium, 
manganese, and dolomite. The low level of each element was that avail- 
able from the soil, including in the case of nitrogen that fixed by the 
lupine and volunteer legumes. The high level of each element consisted 
of the low level plus the following respective supplementary applications 
per acre : nitrogen, 24 pounds of N, as ammonium nitrate ; potassium, 
24 pounds of KoO, as muriate of potash ; manganese, 140 pounds of 
65 per cent manganese sulfate ; and dolomite, 500 pounds of a ground 
limestone containing 43 per cent magnesium carbonate. All plots re- 
ceived a basic application of 240 pounds per acre of 20 per cent super- 
phosphate. All soil amendments were broadcast from tree row to tree 
row. 

The 16 treatments, i*esulting from the combinations of four factors 
each at two levels, were randomized within each of two replications. 
In this design one-half of all plots received the low level of nitrogen and 
the other half the high level, both groups receiving comparable amounts 
of potassium, dolomitic limestone, and manganese sulfate. Differences 
between these groups reliably reflect the response to nitrogen, and by 
l^reaking the experiment down into smaller groups of treatments, inter- 
relations of nitrogen with other fertilizers may be studied. The effects 
of potassium, dolimitic limestone, and manganese may be analyzed by 
similar procedures. 

Cover crop yields were determined in May of each year, and were 
adjusted to a dry-weight basis by means of samples collected at the time 
of weighing the green crop. The yield of tung in any given year is de- 
termined largely by the number of blossom buds formed during the 
previous summer. Accordingly, the fertilizers applied in the fall of 1944 
and lupine turned under in the spring of 1945 could not affect yield 
until 1946. Tung yield records were therefore taken in 1946, 1947, and 
1948; the yield weights were adjusted to a 15 per cent moisture basis 
by means of samples of about 20 pounds of fruit taken from each plot 

^This experiment was set up by the late George M. Bahrt, and was conducted 
by him until his death April 10, 1947, 
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at the time of harvest. Composition of the fruit may ])c afifcctc<l hy 
fertilizers applied the same season. Tlic oil content of the fruit of each 
plot was determined in 1945 and in 1947 in accordance with the meth- 
ods of sampling and analysis described hy Potter et al (2). Observa- 
tions on leaf scorch, leaf "drop, and fruit maturity were made in Nov- 
ember 1947. 

Results and Conclusions 

Cover Crop Yields : — Under the conditions of this experiment, of 
the four fertilizer materials applied to the cover crop supplemental to 
phosphorus, only potassium has consistently increased the yield of 
lupine for 1945, 1946, and 1947 (Table T). The average yield per acre 
per year for this period for those plots that received potassium was 
1.61 tons greater than for those plots receiving no potassium, an 87 
per cent gain in yield, statistically significant at the .001 level. 


TABLE I — Effect of Potassium on Yield of Lupine in Tons Per Acre 
(Dry Weight — Irvington, Aladama 1945 to 1947) 


Application KjO per Acre 
(Pounds) 

194.5 

(Tons) 

1946 

(Tons) 

1 

1947 1 

(Tons) 

Average 

1945 to 1947 
(Tons) 

0. . .. 

2.C6 

2.39 

0.53 

1.86 

24 

4.08 

5.23 

1.10 

3.47 

Gain by application 

1.42 

2.84 

0.57 

l.Ol 


All differences are statistically significant at the .001 level. 


Yield and Composition of Tang Fruit : — Potassium very significantly 
increased both yield and oil content of fruit (Table II). The average 
increase in yield per tree per year for the 3-ycar period was 13.6 pounds 
and the increase in average oil content of fruit of the 1945 and 1947 
crops was 2.2 in percentage value ; both effects attain high statistical 
significance. Although dolomite had no significant effect upon the yield 
of cover crop, it decreased the yield of the tung trees by 8.4 pounds, a 
difference significant at the .05 level, and the average oil c(3ntent by 0.8 
in percentage value, which was not significant. Statistical analysis of the 
data showed that, contrary to the general experience, nitrogen did not 
improve yields or increase oil content. The failure to respond to the 


TABLE II— Effect of Potassium and Dolomite Applied to Lupine 
Cover Crop, on Yield and Oil Content of Tung Fruit (Irvington, 
Alabama, 1946 to 1948) 


Application Pei 
(Pounds) 

r Acre 

1 

i'ruit Per 

Tree (Pounds) 

Oil Content of Tun^ Fruits 
(Per Cent) 

Dolomite 1 

K,0 

1946 

1947 

1948 

Average 
1946 to 1948 

1945 

1947 

Average 
1946 and 1947 

0 

0 

8.3 

16.4 

19.9 

14.9 

17.6 

17.1 

17.4 

500 1 

0 

6.7 

10,0 

11.2 

9.3 

16.6 

15.6 

10.1 

0 

24.0 

21.9 

36,8 

35.0 

31.2 

17.6 

20.8 

19,1 

500 

24.0 

13.5 

23.6 

23.3 

20.1 

18.1 

19.6 

18.8 

Least diff'erence 

0.05 

3,4 

7.3 

9,3 

8.2 

1,4 

1,7 

1.3 

significant at 

0.01 

4.7 

10.2 

12.9 

11.4 

1.0 

2.4 

no 



0.4 

14.0 

16.6 

15.8 

2,7 

3.3 

2.0 
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nitrogen and the considerable increase in yield effected by potassium 
may be attributed to a serious potassium deficiency prevailing in this 
orchard. 

Fruit Maturity : — On November 17, 1947, the trees in each plot were 
rated with respect to maturity of fruit on a scale ranging from 1.00, 
representing a tree from which no fruit had dropped, to 5.00, represent- 
ing a tree from which three-quarters to all of the fruits had dropped. 
Average ratings per plot were calculated and the plot readings have 
been analyzed statistically. The application of nitrogen alone very sig- 
nificantly retarded the maturity of fruit; whereas the application of 
potassium, either alone or with nitrogen, hastened maturity of fruit 
(Table III). Practically 100 per cent of the fruit in plots that received 
(a) potassium or (b) nitrogen and potassium had dropped at the time 
of rating. These results are very similar to those reported in other ex- 
periments (1). 


TABLE III — Effect of Nitrogen, Potassium, and Dolomite Applied 
TO Lupine Cover Crop, on Fruit Maturity, Incidence of Leaf Scorch, 
AND Leaf Drop of Tung (Irvington, Alabama, November 17 , 1947 ) 


Applica 

tion Per Acre 

(Pounds) 

A\ 

rerage Score (Ratin 

g) 

N 

K.0 

Dolomite 

Fruit Maturity* 

Leaf Scorch** 

Leaf Dropt 

0 

0 

0 

3.74 

1.75 

2.38 

24 

0 

0 

2.18 

2.38 

2 50 

0 

24 

0 

4.88 

1.00 

1.24 

24 

24 

0 

5.00 

1.00 

1.00 

0 

0 

500 

— 

2.00 

2.70 

24 

0 

500 


4.88 

4.24 

0 

24 

500 

— 

1 00 

1.00 

24 

24 

500 

— 

1.00 

1.00 

Least diflere: 

nee significant 

at 

0.05 0.89 

1 14 

0.83 




0.01 1.24 

1.58 

1.18 




0.001 1.71 

2.18 

1.67 


*On scale ranging from 1.00 for all fruit still on tree to 5.00 for 75 to 100 per cent of fruit dropped 
to ground. Rating given are averages for plots with and without dolomite, which material did not 
affect fruit maturity. 

“'‘'•'On scale ranging from 1.00 for healthy foliage to 5.00 for all leaves showing scorch. 
tOn scale ranging fiom 1.00 for all foliage on tree, to 5.00 for tree completely defoliated. 


Scorch and Defoliation : — ^The trees were rated for defoliation and 
scorch at the same time and in the same manner as described for fruit 
maturity. The data show a very strong relationship between the in- 
cidence of scorch and leaf fall, indicating perhaps that the scorch was 
responsible for most of the premature defoliation. Although there was 
a tendency for both dolomite and nitrogen to increase the incidence of 
scorch and premature defoliation, the effects were statistically signifi- 
cant only when both were applied together in the absence of potash, in 
which case practically 100 per cent of the leaves were scorched and the 
trees were practically defoliated at the time of rating. However, when 
applied with potassium neither nitrogen nor dolomite nor the combi- 
nation of the two had any harmful effect. Since neither nitrogen nor 
dolomite had any significant effect on growth of cover crop and since 
the scorch and premature defoliation are known to be associated with 
the deficiency of potassium, it may be inferred that the dolomite and 
nitrogen reduced uptake of potassium by the tung trees. 
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Summary 

Potassium, 24 pounds K 2 O per acre, applied to the cover crop at 
planting time in the fall, increased the yield of lupine by 87 per cent 
and there was a corresponding average increase of 13,6 pounds of air- 
dry tung fruit per tree and an average increase of 2.2 in percentage of 
oil in the fruit. The potassium also hastened maturity of fruit and elim- 
inated scorch and premature defoliation of the type characteristic of 
potassium deficiency. Dolomite had no significant effect upon the yield 
of cover crop, yet it decreased the average yield of tung by 8.4 pounds 
of air-dry fruit per tree and reduced the average oil content of the fruit 
by 0.8 in percentage value. It is presumed that the effect of dolomite 
was a direct effect upon the uptake of potassium by the tung trees. It 
is noted that, in general, the effect of dolomite was most pronounced 
when it was applied together with nitrogen, which was in the form of 
ammonium nitrate. 
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Breakage of Apple Trees^ 

By IsADOR Aaron and William S. Clarice, Jr., Pennsylvania 
State College, State College, Penn, 

T he study reported here deals with the causes of the breakage of 
apple limbs carrying a heavy crop during the season of 1935. Some 
varieties of apple trees suffered severe breakage, while others carrying 
equally heavy crops suffered very little damage. To investigate the 
causes of damage, studies were made of the anatomy of the limb tis- 
sues of several varieties of apples, cross-sections of limbs being nmde 
and studied under the microscope. 

Materials 

The orchard in which these trees were located was one of those of 
the Pennsylvania State College at State College in the central part of 
the State. The trees were planted in the spring of 1908 and were 
therefore 28 years of age at the time this study was made. In this 
orchard was a large block of three varieties consisting of York 
Imperial, Stayman Winesap, and Baldwin. All three varieties bore 
large crops, but breakage of limbs was severe in the Stayman Winesap, 
somewhat less in the Baldwin, and seldom occurred in the York 
Imperial. The object of the study was to determine whether there 
were anatomical differences in the structure of the wood tissues of 
these three varieties which would account for the differences in the 
amounts of breakage among them. 

Ten to 15 limbs of each of the three varieties were removed for 
study during the first 3 months of 1936. The studies were made from 
broken and intact limbs of injured trees and also from limbs of trees 
in which no injury occurred. Transverse sections of these limbs were 
cut and prepared by the usual botanical techniques. 

Observations 

Gross Breakage: — The breaks in the limbs might appear anywhere 
along the limbs and were not confined to the crotches. The limbs were 
not all large, some of the affected ones being as small as 2 inches in 
diameter. No decay was present in them. 

The types of breakage differed among the three varieties. The 
limbs of Stayman Winesap tore rather than broke, exposing long, 
ragged, diagonal surfaces. Breaks in the Baldwin were relatively trans- 
verse and less ragged. When York Imperial showed injury, the breaks 
were slightly oblique and the surfaces relatively even. 

Anatomical Studies: — The bulk of the xylem tissue in all three 

Authorized for publication on April 1, 1948, as paper No. 1439 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. 
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Horticulture Department, University of West Virginia, for his encouragement 
in the performance of this study. 
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varieties of apples was composed of wood fibers, and both the vessels 
and the wood parenchyma were diffused among the wood fi])ers. Wood 
parenchyma occurred in longitudinal rows, each row being in contact 
with a vessel and with a ray of ray parench 3 nna, Ray parenchyma 
extended transversely through both the xylem and the phloem, was 
one to four cells in width, and was only a few cells deep in a longi- 
tudinal direction. Towards the ends of each growing season only wood 
fibers tended to be produced, so that the periphery of each annual ring 
was usually composed of this type of cell. At any given point a ray 
might or might not be in contact with wood fibers alone. 

In many of the cross-sections of limbs a type of tissue occurred 
which might be classed as abnormal. This is defined here as xylem in 
a parenchymatous condition, and where present, it might compose all 
or a variable portion of an annual ring, an annual ring being considered 
as an annual increment. In each of the three varieties a number of 
annual rings in uninjured and in broken limbs and trees contained 
some abnormal xylem tissue. The annual rings that contained this 
abnormal tissue were separated from each other ordinarily by two to 
four annual rings consisting of normal xylem. The parenchymatous 
xylem varied both in amount and proportion within an annual ring 
and in the number of rings showing this condition. 

The parenchymatous tissue considered here as abnormal xylem 
consisted of undifferentiated to partially differentiated cell elements. 
A differentiated cell is one readily recognized as a parenchyma cell, 
tracheid, vessel portion, wood fiber, or some other type of normally 
developed cell. An undifferentiated cell is one normally developed 
from meristem and still retaining the appearance of parenchyma. The 
abnormal parenchymatous tissue observed here consisted of cells ar- 
rested in development at any stage from origin to maturity, and tlicy 
were either normal or distorted in shape and anywhere from dwarf 
to gigantic in size. These cells apparently were destined to 1)c individual 
fibers, tracheids, vessel portions, and wood parenchyma; hni their 
development was arrested, and they remained in an undcvc^loped con- 
dition. They contained disintegrated protoplasm, which was deposited 
in cell cavities and permeated the cell walls, especially in tliosc cells 
that probably would have become vessel portions. Tlic" vessel portions 
retained the slightly oblique cross walls found in both normal and ab- 
normal xylem. Some of the cell elements in the abnormal xylem con- 
tained lignin to a small extent, but no pits were observed in any of the 
cell walls. The cells that would have become fibers were shorter and 
broader than the wood fibers of normal xylem. Most of the cells of the 
abnormal xylem were as large or larger than those of normal spring 
wood, being of tremendous size for tissue formed late in the summer, 
as they apparently were. 

Most of this parenchymatous tissue developed apparently late in 
the summer. In Stayman Winesap it was produced instead of the small 
and thick-wailed cells of summer xylem, while in York Imperial and 
in Baldwin it appeared after the formation of normal xylem had ceased. 
It is thought that this parenchymatous xylem was formed during cool, 
wet periods late in the summer, and it might be a form of second 
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growth. In all three varieties a few annual rings contained some ab- 
normal xylem that was apparently formed in midsummer, and a few 
others had a small amount that was made in the spring. The parenchy- 
matous spring wood was not always present as a separate tissue. 

The last portion of xylem formed normally in any year’s growth 
consisted entirely of wood fibers, a thicker band of them being present 
in the case of Stayman Winesap than in the other two varieties. Many 
fibers were present also in the xylem formed earlier in the season. 
Normal wood fibers were long and narrow, in marked contrast to the 
shorter and broader undeveloped fibers of the abnormal wood. York 
Imperial very seldom had any abnormal xylem. Baldwin had such 
xylem more often and in larger amounts. Stayman Winesap contained 
abnormal xylem more frequently than the other varieties and in the 
greatest amounts. 

York Imperial, as a variety that was relatively free from damage, 
presented an interesting situation. Where parenchymatous xylem was 
present, patches of normally developed xylem were often seen to 
alternate in an irregular manner with the parenchymatous tissue along 
different radii within an annual ring to make blocks of tissue with this 
manner of arrangement. Some of the patches of parenchymatous xylem 
expanded toward the outer edge of the annual ring, so that the pe- 
riphery of the ring w^as composed entirely of parenchymatous tissue. 
Within patches of parenchymatous xylem there were present, and 
completely enclosed, a few normal vessel segments, fibers, and ray 
parenchyma cells grouped together as normal xylem. 

The differences among trees of a variety as reflected in breakage 
were directly related to the extent of formation of abnormal xylem. 
Within a variety all normal xylem in injured and uninjured 'trees had 
the same structure. Breakage was associated with a large proportion 
of parenchymatous tissue and a lack of the usual amount of normal 
wood fibers. 

Discussion 

The differences in anatomy between limbs that showed breakage and 
those that were free from damage were a matter of degree rather than 
kind. This fact w’'as true for each variety. The results as seen in break- 
age were the effects of variable anatomical composition and variable 
load (including the weight of the fruit). A limb that did not break 
might have broken under a load that was slightly greater. A limb that 
broke might have remained intact if the load had been less by only a 
small amount. As the proportion of abnormal xylem increased, the 
load that a limb could bear decreased. Limbs that bore heavy loads 
and still remained intact had very small proportions of abnormal 
xylem, and they might be said to be at the strong end of the range 
of strong to weak wood. 

Breakage, as a consequence of abnormal xylem production, occurred 
because a sufficient amount of normally differentiated wood fibers had 
not been formed. The shorter, broader, relatively thin-walled, and un- 
lignified parenchymatous cells that were present instead of true wood 
fibers were weak structurally as individual cell elements. Cemented 
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together with only a small amount of overlapping on account of their 
shortness and greater breadth, the strands and terminal bands of these 
partially differentiated wood fibers lacked physical strength. A limb 
might have a number of layers of parenchymatous tissue and would 
thereby be weakened proportionally. 

York Imperial had the least amount of parenchymatous xylem, and 
this variety was the strongest structurally and showed the smallest 
amount of breakage. Baldwin contained a larger amount of the ab- 
normal xylem, and breakage was more extensive. Stayman Winesap 
contained the largest amount of abnormal xylem, and this variety 
showed the greatest amount of breakage. The susceptibility of the 
Stayman Winesap to breakage seemed to be associated with the for- 
mation of relatively large amounts of weak parenchymatous xylem. 

Summary 

The relationship between the breakage of limbs among three vari- 
eties of apples and their anatomical structure was investigated by 
means of studies of the cross-sections of the wood of broken and un- 
broken_ limbs. All three varieties bore large crops of fruit but varied 
in the incidence of broken limbs caused by the crop. In the wood of 
each of these varieties some abnormal xylem was found. This abnormal 
xylem consisted of masses of cells in a parenchymatous condition 
where wood fibers, or in some cases vessels and tracheids, would have 
been ordinarily. York Imperial contained little of this abnormal xylem 
and exhibited only a small amount of breakage. Stayman Winesap 
contained the greatest amount of this abnormal xylem and exhibited 
the largest amount of breakage. Baldwin was intermediate both in 
amount of abnormal xylem and in amount of breakage. 



Some Effects of Limb and Fruit Injections with Ascorbic 
Acid and Calcium Salts on Apple Fruits^ 

By R. M. Smock and C. R. Gross, Cornell University, 

Ithaca, N, Y, 

I T is known that softening changes in apples following harvest are 
associated with a breakdown of protopectin into soluble pectin 
compounds. It was formerly assumed that this hydrolysis was accom- 
plished by pectic enzymes in the fruit. Work by Griffin and Kertesz 
( 1 ) showed that the enzymes protopectinase and pectin galacturonase 
were not present in apple tissue. They demonstrated with in vitro 
experiments on the apple that this hydrolysis could be accomplished 
by tissue treatment with ascorbic acid or hydrogen peroxide or both. 
It is known that apples do contain ascorbic acid in amounts varying 
rather widely among varieties. It has been showm that ascorbic acid 
exists in apples as 1-ascorbic and as dehydroascorbic acid, with the 
latter decreasing in proportion as the fruits mature on the tree (5). 
The work of Hackney (2) suggested that ascorbic acid might play a 
role as a respiratory catalyst in apple tissue. She found that wdien cells 
from apple flesh were dipped in ascorbic acid the respiration rate w^as 
increased. This effect was not found on cells from the skin of the fruit 
where most of the ascorbic acid is located. 

Not only is there this effect of ascorbic acid on the softening rate of 
apple tissue (1) but it is well known that treatment of apple slices with 
calcium chloride or calcium lactate results in a Affirming’' action (3). 
Following such treatments the slices do not disintegrate or fall apart so 
readily on cooking. 

In view of this background the authors wondered if it would be 
possible to influence the softening rate, respiration, and soluble pectin 
of apples as a result of limb and fruit injections with ascorbic acid and 
calcium salts. 

Methods 

Limb injections were made with 4 liters of aqueous solutions con- 
taining from .8 to 2.0 per cent of ascorbic acid or .5 per cent calcium 
chloride (CaCl2*2 H 2 O). The limbs used as controls were either un- 
treated or injected with 4 liters of water. Tables I and II indicate the 
type of controls used. The injections were made by gravity into limbs 
about 4 inches in diameter, taking care to exclude air from the injec- 
tion holes. Comparisons were always made between treated and control 
limbs on the same tree. 

Limbs were sprayed with a 1 per cent solution of ascorbic acid by 
means of a hand sprayer. 

Fruit injections were made through secondary growth from spurs 
according to the method of Levy (4), Ascorbic acid was used in .3 and 
.5 per cent solutions. Calcium lactate (Ca(C 3 H 503 ) 2‘5 H 2 O) in .3 
and 5 per cent solutions was used. Thirteen cubic centimeters of liquid 
were injected into each shoot. Twenty-five fruits were injected in each 
treatment on each tree. 

^The authors wish to express their appreciation to Dr. Z. I. Kertesz who sug- 
gested the injection of calcium salts and who conducted the pectin analyses. 
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Within 24 hours after harvest the ascorbic acid content of the fruits 
was determined by the dichlorophenol indopheiiol titration method. 
Pectin analyses were made by the method described by GriFfin and 
Kertesz (1) in Dr. Kertesz’s laboratory. Firmness of tlic fruit wiis 
determined on 10 to 20 fruits from each treatment with a Magness- 
Taylor pressure tester. Respiration measurements were made at 74 
degrees F by the conventional procedure of absorption of evolved 
carbon dioxide in sodium hydroxide solution and titrating the excess 
sodium hydroxide after adding barium chloride. 

Results 

Toxicity 

Some marginal leaf burning followed injection of limbs with 1.5 and 
2.0 per cent ascorbic acid solutions. No injury was observed with 1.0 
per cent solutions. Only the 1.0 per cent injection results are included 
for this reason. Incipient or severe burning of the leaves followed 
calcium chloride injection of the limbs. Hence, all results from limb 
injections with calcium chloride are open to considerable cpiestion. 
They are reported here just for the record. 

No burning of the leaves was noted in any of the fruit injections with 
.3 and .5 per cent ascorbic acid and .3 and .5 per cent calcium lactate. 
It is possible that even stronger solutions coulcf have been used in these 
fruit injections. 

No leaf injury was noted with 1 per cent ascorbic acid si:)rays. 

Ascorbic Acid Content of the Fruit 

The results on ascorbic acid analyses appear in Table I. Limb sprays 
with ascorbic acid did not increase the ascorbic acid content of the fruit 
in four experiments. Limb injections with 1 per cent ascorbic acid 
increased the ascorbic acid content of the fruit rather markedly in two 
cases in eight experiments. In three cases it increased the content 
slightly but not significantly. In one case there was no effect and in two 
cases there was a decrease. 

Injections of fruits with ascorbic acid did not give consistent in- 
creases or decreases in the amount of this material in the fruit. 

The variability in results with limb and fruit injections with ascorbic 
acid would indicate no consistent effect on the amount of ascorbic 
acid in the fruits at harvest time. 

Injections of limbs and fruits with calcium salts did not have any 
clear cut effects on ascorbic acid in the fruits at harvest. 

Fruit Firmness at Harvest 

The data on fruit firmness are given in Table II. With but two ex- 
ceptions, it will be noted that water injection into the liml)s had no 
particular effect on fruit firmness. 

Limbs injections with ascorbic acid gave increases in fruit firmness 
at harvest time in eight out of 13 cases. In four more cases there was a 
slight increase. In one case there was a slight but insignificant decrease. 
It should be noted that this slight decrease and one of the cases of a 



SMOCK AND GROSS : LIMB AND FRUIT INJECTIONS 


63 


TABLE I — Ascorbic Acid Content of Treated and Untreated Fruits 

AT Harvest 



Harvest 

Date 

Days 

Ascorbic Acid i 

n Mg/100 

G Fruit Ti 

ssue 

Variety 

Since 

Treated 

Un- 

treated 

HOH 

Ascorbic 

Acid 

Calcium 

Chloride 

Calcium 

Lactate 


Limh Injection^ 


Duchess 

Aug 16, 1948 

35 

10.0 

7.4 

8.2 

6.1 

Wealthy 

Sep 1, 1947 

45 

4.6 

— 

5.0 

5.5 

Wealthy . 

Sep 7. 1948 

20 

4.0 

2.9 

3.5 

4.0 

R. I. Greening . 

Sep 9. 1947 

29 

2.8 

— 

5.3 

6.0 

McIntosh , 

Sep 18, 1947 

23 

— 

3.4 

2.7 

2.8 

McIntosh 

Sep 18, 1947 

38 

3.4 

3.3 

4 1 

34 

McIntosh 

Sep 18. 1947 

62 

— 

3.7 

3.7 

3.3 

Northern Spy . 

Oct 22. 1948 

29 

54 

4.5 

10.0 

6.3 


Ltmb Spray^ 


Duchess . 

Aug 16, 1948 

35 

10.0 

— 

7.4 

— 

Wealthy . 

Sep 1. 1947 

45 

4.6 

— 


— 

R. I. Greening . 

Sep 9, 1947 

29 

2.8 

— 

3.0 

— 

McIntosh .... 

Sep 18, 1947 

38 

3.4 

— 

2.8 

— 


Fruit Injection^ 


Duchess 

Aug 11, 1949 

17 

— 

12.7 

7.0 

— 

8.9 

Duchess . 

Aug 11. 1949 

49 

— 

12 8 

9 6 

— 

9.4 

Duchess 

Aug 11, 1949 

51 

— 

8.1 

9.0 

— 

— 

Duchess . . 

Aug 11, 1949 

57 

— 

9.9 

— 

— 

8.0 

Duchess . . 

Aug 11, 1949 

58 

— 

7.0 

9.0 

— 

— 


*Limb injections with 4 liters of each of the following: water, 1 per cent ascorbic acid, and 0.5 
per cent calcium chloride. 

**Limb sprays with 1 per cent ascorbic acid. 

fFruit injections with 13 cc of each of the following* water, 0.3 and 0.5 per cent ascorbic acid 
and 0.3 and 0.5 per cent calcium lactate. 


slight increase came with injections made only a week or two before 
harvest. It could be said that with treatments made over 2 weeks 
before harvest limb injections with ascorbic acid resulted in increased 
firmness of the fruit at harvest time. 

Fruit injections with ascorbic acid made over 2 weeks before har- 
vest resulted in increased firmness. Injections made just 2 weeks 
before harvest resulted in slight decreases in firmness. 

Limb sprays with ascorbic acid resulted in firmer fruit at harvest 
time in four out of seven cases. In two cases there was no effect but in 
one there was a slight decrease. More work would have to be done 
with these limb sprays to draw any conclusions. 

Results with limb injections with calcium chloride gave erratic re- 
sults on fruit firmness. These results were undoubtedly complicated by 
the leaf injury factor. It was observed that the more intense the leaf 
injury the more likely the treated fruits were to be softer than the 
controls. 

Fruit injections with calcium lactate resulted in firmer fruit when 
the injections were made more than 2 weeks before harvest. The num- 
ber of tests was rather limited, however. 

In one experiment a solution containing both ascorbic acid and cal- 
cium lactate (.5 per cent each) was injected into McIntosh fruits 47 
days before harvest. This treatment resulted in firmer fruits (see 
Table II), 
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TABLE II — Firmness of Treated and Untreated Fruits at EIarvest 






Firmness of Fruits (Pounds) 


Variety 

Harvest 

Date 

Days 

Since 

Treated 

— 

1 

Un- 

treated 

HOH 

As- 

corbic 

Acid 

Calcmm 

Chlor- 

ide 

Calcium 

Lactate 

Ascorbic + 
Calcium 
Lactate 


Limb Injections* 


Duchess . . . 
Wealthy. , . . 
W ealthy . 

R. I. Greening 
R. I. Greening 
McIntosh. .. 
McIntosh 
McIntosh. . . 
McIntosh. . 
McIntosh . . 
McIntosh . 
Northern Spy 
Northern Spy 


Duchess . 
Wealthy. 

R. I. Greening 
R. I. Greening 
McIntosh... . 
McIntosh 
McIntosh . . 


Aug 16, 194S 
Sep 14, 1947 
Sep 7, 1948 
Sep 9, 1947 
Sep 9, 1947 
Sep 18. 1947 
Sep 18. 1947 
Sep 18. 1947 
Sep 18, 1947 
Sep 24. 1948 
Sep 24. 1948 
Oct 22. 1947 
Oct 12, 1948 


Aug 16, 1948 
Sep 1, 1947 
Sep 9, 1947 
Sep 9, 1947 
Sep 18. 1947 
Sep 18, 1947 
Sep 18, 1947 


35 

15.0 

15.0 

16.9 

15.3 

— 

45 

15.6 

— 

16.0 

15 6 

— 

20 

13,0 

12.7 

15.1 

13.6 

— 

29 

23.4 

— 

25.G 

24.3 

— 

14 

23.4 

— 

23.7 

22.7 

— 

7 

15.3 

15.3 

1,5.0 

10 4 

— 

23 

15.6 

15 6 

16.6 

15.0 

_ — 

38 

15.0 

15.2 

16.4 

15.3 

— 

62 

15 3 

14.7 

16.0 

15.6 

— 

20 

13.7 

12.0 1 

14.1 

12.0 

— 

20 

13.2 

13 4 ! 

13.6 

12 3 

— 

29 

15 8 

15.7 

181 

17.0 

— 

26 

19.5 

19.6 

20.2 

— 



Limb Sprays** 


35 

15.0 

— 

15.1 

45 

15.6 

— - 

1,5.1 

29 

23.4 

— — 

24.9 

14 

23.4 

— 

24.5 

7 

15 3 

— 

16.1 

38 

15.0 



16.3 

62 

15.3 

— 

15.3 


Fruit Injeciions1[ 


Duchess. ..... Aug 11, 1949 15 — — 16.1 15.7 . 

Duchess . . . Aug 11, 1949 17 17.2 16.7 17.4 

Duchess Aug 11. 1949 49 15.5 16.6 17.9 ^ 

Duchess . Aug 11, 1949 61 16.4 17.8 ■’ 

Duchess. .. Aug 11, 1949 57 15.7 18.9 

Duchess . . Aug 11, 1949 58 16.0 17.4 ^ - 

McIntosh . . Sep 13, 1949 47 — 15.7 , ” * y.*..., 

*Limb injections with 4 liters of each of the following: water, 1 per cent ascorbic acid, and 0.5 
per cent calcium chloride. 

**Liinb sprays with 1 per cent ascorbic acid. 

tPruit injections with 13 cc of each of the following: water, 0.3 per cent and 0.5 per cent ascorbic 
acid and 0.3 per cent and 0.5 per cent calcium lactate. 


Soluble Pectin 

Soluble pectin determinations were made in only one experiment. 
The results appear in Table III. 

The limited data in Table III suggest that both the ascorbic acid and 
the calcium chloride injections resulted in a retarded breakdown of the 
protopectin to soluble pectin. This observation can only be suggestive 
since protopectin determinations were not made. The work of Griffin 
and Kertesz ( 1 ) would have suggested an accelerated hydrolysis but 
their work involved dipping apple tissue in ascorbic acid solutions. 
Both their investigation and this one suggest a possible role of ascorbic 
acid in apples in the softening process. It will be noted in Table III 


TABLE III— Soluble Pectin in Northern Spy Apples at Harvest 
Time as Affected by Limb Injections 
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that the lower soluble pectin contents in the treated fruits was associ- 
ated with greater fruit firmness at harvest time than in the control. 

Respiration 


Duchess: — Fig. 1 indicates the efifect of limb injections of 1 per cent 
ascorbic acid and .5 per cent calcium chloride on the respiration of 
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Duchess apples after harvest in 1948. Treatments had been made 35 
days before harvest. The treated fruits respired more rapidly than the 
control during the first 4 days and reached the climacteric about 1 day 
sooner. After the climacteric was passed the rates of all three lots were 
about the same. Though the results are not given in Fig. 1, a 1 per cent 
ascorbic acid spray 35 days before harvest resulted in a slightly more 
rapid respiration rate until the climacteric was reached. 

Fig. 2 shows the effect of fruit injections of .3 per cent ascorbic acid 
and .3 per cent calcium lactate on the respiration of Duchess apples in 
1949. The treatments were made 57 days before harvest. During the 
first 4 days after harvest the respiration rate of the ascorbic acid and 
calcium lactate treated fruits was slightly slower than the control. The 
ascorbic acid lot had a slightly higher climacteric than the control and 
the rate was somewhat more rapid after the climacteric than that of 
the control. 

Wealthy : — The effect of limb injections and a limb spray treatment 
of Wealthy apples in 1947 is shown in Fig. 3. The treatments were 
made 45 days before harvest. After the second day, the ascorbic acid 
injection fruits had a more rapid respiration rate than the controls. 
Differences between the control and the other treatments did not show 
up until the seventh day after harvest when there was a slower rate 
with the calcium chloride and ascorbic acid spray treatments. 

The influence of limb injections made 20 days before harvest on 
Wealthy in 1948 is shown in Fig. 4. The calcium chloi'ide treatment 
resulted in a slightly faster than normal respiration rate and the ascor- 
bic acid a slightly slower than normal rate. The effect of the calcium 
chloride should be discounted because of leaf injury. 

McIntosh : — ^The effect of limb injection with ascorbic acid 38 days 
before harvest on respiration of McIntosh in 1947 is seen in Fig. 5. 
After the second day and until the seventh day there was a slightly 
slower respiration rate in the ascorbic acid treated fruit. 

Fig. 6 shows the influence of limb injections 23 days before harvest 
on the respiration of McIntosh in 1947. The ascorbic acid treated fruit 
had a delayed climacteric rise. The calcium chloride treated fruit had a 
slightly accelerated climacteric rise in rate. The latter should be dis- 
counted because of the injury factor, however. 

Rhode Island Greening : — The results of limb injections 14 days 
before harvest on Greenings in 1947 are not given. These fruits did not 
start their climacteric rise during the entire 9-day holding period at 74 
degrees. There were no significant differences during this period al- 
though the ascorbic acid and calcium chloride limb injections resulted 
in slightly slower respiration rates than the control. In this case the 
control was untreated (that is, no water injection). 

Discussion 

It was found that 1 per cent solutions of ascorbic acid could be in- 
jected into or sprayed on apple limbs without injury. Stronger solu- 
tions caused injury in limb injections. Calcium chloride in the concen- 
tration of .5 per cent caused variable amounts of injury when injected 
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12 3 4 5 6 7 

DAYS AT 74® F 


Fig. 2. Respiration of Duchess apples as affected by fruit injections. Fruits 
picked August 11, 1949 which was 56 days after treatments. 

into apple limbs. Ascorbic acid and calcium lactate solutions could be 
injected in concentrations up to .5 per cent into apple fruits without 
injury. Stronger solutions were not tried. 
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DAYS AT 74* F 

Fig. 3. Respiration of Wealthy apples as affected by limb treatments. Fruits 
picked September 1, 1947 which was 45 days after treatments. 

Limb and fruit injections and limb sprays with ascorbic acid gave 
erratic results on ascorbic acid content of the fruit at harvest time. In 
only two cases was there a marked increase in ascorbic acid content as 
a result of injections. Theoretically, sufficient ascorbic acid was in- 
jected to markedly increase the ascorbic acid content of the fruit. Why 
more significant increases were not found is not known. It is possible 
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that the injected material never got to the fruit but nevertheless influ- 
enced fruit firmness and respiration. It is also possible that the injected 
ascorbic acid degraded before analyses were made. Limb and fruit 
injections with calcium salts showed no consistent increase or decrease 
in ascorbic acid content of the fruit. 

When limbs and fruits were injected with ascorbic acid more than 2 
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Fig. 5, Respiration of McIntosh apples as affected by limb injections. Fruits 
picked September 18, 1947 which was 38 days after treatment. 


weeks before harvest there was increased fruit firmness at harvest time. 
The work of Griffin and Kertesz (1) suggested that the reverse niighl 
be found but their work was done wdth fruit tissue with in zntro ex- 
periments after the fruits were harvested. Both their work and tliis 
investigation suggest that ascorbic acid does play a role in fruit softc^n- 
ing, however. More work needs to be done to establish what this role is 
and what the magnitude of the role is. Spraying limbs with 1 per cent 
ascorbic acid gave erratic results with regard to fruit firmness. In some 
cases the fruits were firmer following treatment but conclusive evidence 
was not obtained. 

When limbs were injected with calcium chloride the results on fruit 
firmness were erratic, probably due to the injury factor. A limited 
number of fruit injections with calcium lactate indicated that when 
treatment w^as made more than 2 weeks before harvest the injected 
fruits vrere firmer than the controls at harvest time. 

The very limited data on soluble pectin obtained indicated that as- 
corbic acid and calcium salt injections resulted in lower values at 
harvest time in Northern Spy. If these data can be corroborated it 
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would indicate that these materials result in a retarded hydrolysis of 
protopectin in the fruit prior to harvest. 

No clear cut conclusions can be drawn from the respiration data. In 
seven tests with ascorbic acid injections a decreased respiration rate in 
the pre-climacteric phase occurred in five cases. In one of these cases 
the decrease was not significant, however. In two cases there was a 
significant increase in the pre-climacteric phase with the ascorbic acid 
injected fruit. Why there should have been increased rates in some 
cases and decreased rates in others is not known. The work of Hackney 
(2) with apple tissue with in vitro experiments after harvest would 
have suggested that increases should have been expected had sufficient 
ascorbic acid been injected. The respiration experiments in this study 
should have been continued farther into the post-climacteric phase. In 
one instance, for example, there was a decrease in rate in the pre- 
climacteric phase and an increase in the post-climacteric phase as com- 




72 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


pared to the control. Variety, season, and the interval of time between 
date of treatment and harvest may all have a liearing on the effect of 
ascorbic acid treatment on respiration rate. This study does suggest 
however, that ascorbic acid treatments may have an effect on respira- 
tion. 

Respiration results with calcium chloride treatments should be dis- 
counted because of the injury factor. In one test with calcium lactate 
there was a decreased rate of respiration in the preclimacteric ])hase 
only. 

Further study of this subject might well be concentrated on fruit 
injections of ascorbic acid and calcium lactate and possibly concentra- 
tions higher than .5 per cent of the latter could ht used. Sprays cover- 
ing the underside of the leaves should be tried. The effects of date of 
injection should be explored more fully. Data on fruit firmness, ascor- 
bic acid content of the fruit, soluble pectin analysCvS, and respiration 
rates throvigh senescence should be collected. 


Summary 

Limb and fruit injections with ascorbic acid resulted in firmer apples 
at harvest time if the injections were made more than 2 weeks before 
harvest. 

Limited data suggested that fruit injections with calcium lactate 
resulted in firmer fruit if the injections were made 2 weeks before 
harvest. Fruit firmness data following calcium chloride injections of 
limbs were undependable because of the injury factor. 

Limited data indicated that injection of limbs with ascorbic acid and 
calcium chloride gave lower soluble pectin values in the fruit at harvest 
time. 

Ascorbic acid injections in limbs and fruits usually depressed the 
respiration rate of apples in the pre-climacteric phase but sometimes 
accelerated the rate. The data do suggest that such injections may 
influence respiration rate. 

Ascorbic acid analyses of the fruits at harvest following injections of 
ascorbic acid and calcium salts do not indicate any consivStent effect 
although in a few cases there was a significant increase. 


1 . 


2 . 


4. 


Literature Cited 

Griffin, Jean, and Kertesz, Z. I. Changes which occur in ai)t)le tissue upon 
treatment with various agents and their relation to the natural mechanism 
of softening during maturation. Bat. Gas, 108 ; 279-285. 1946. 

Hackney, Frances M. V. Studies in the metabolism of apples VI T1 As- 

^26^^’ ^939 calcium in plant tissues. The Canner 88 : (7) : 



Chemical Changes During Storage o£ Dehydrated Stay- 
man Winesap Apples as Influenced by Storage 
Temperature and Pack Atmosphere^ 

By Arthur H. Thompson, U. S. Department oj Agriculture, 
Wenatchee, Wash., and A. Lee Schrader, University oj 
Maryland, College Park, Md. 

D uring the war years, investigations were carried out at the Mary- 
land Agricultural Experiment Station on pilot tunnel dehydration 
of some of the important fruits and vegetables of the region. A previous 
report by the authors (7) described some of the general results of the 
apple dehydration and storage work. It is the purpose of this paper to 
present some of the chemical changes w^hich took place during storage 
in dehydrated Staynian Winesap apples, particularly as influenced by 
storage temperature and pack atmosphere. 

Materials and Methods 

For a complete description of the methods of processing, the reader 
is referred to the previous paper (7), of which only the more pertinent 
information is repeated here. 

Hand-picked, medium-sized Stayman Winesap apples were used. 
Immediately after harvest in 1943, the fruit w^as stored at 33 degrees 
F until December, when an average pressure test of 12 pounds indi- 
cated a satisfactory condition for processing. Since sulfur content of 
dehydrated apples was considered important in the storage life of the 
product (5), the following treatments were used, together with a 
standard dehydration for all lots : 

Lot 120 Standard sulfuring for 30 minutes at the rate of 10 pounds 
of SO 2 per ton of fruit. 

Lot 121 Standard sulfui'ing (as for lot 120), plus re-sulfuring 
after dehydration for 24 hours at the rate of 10 pounds 
per ton of fruit. 

Lot 122 Standard sulfuring (as for lot 120), plus re-sulfuring 
after dehydration for 24 hours at the rate of 20 pounds 
per ton of fruit. 

Lot 123 Standard sulfuring (as for lot 120), followed immediately 
by a 30-second steam blanch plus re-sulfuring after de- 
hydration for 24 hours at the rate of 20 pounds per ton 
of fruit. 

Lot 124 Standard sulfuring (as for lot 120), followed by a stand- 
ard dehydration plus 8 additional hours of drying until a 
moisture content of 2.9 per cent was reached. 

After a conditioning period of several days in covered wooden trays 
(except for lot 124) to insure a uniform moisture content in the dried 
material, each lot was divided into three portions which were sealed 

^Scientific Publication No. A238, Contribution No. 2169, of the Maryland 
Agricultural Experiment Station (Department of Horticulture). 
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in air, carbon dioxide and vacuum, respectively, in standard No. 2 tin 
cans. The machi'ne used for sealing the cans provided a nearly i^erfecl 
vacuum within the can for the vacuum pack. On January 20, 1944, a 
portion of each sealed lot was placed in 33, 65, and 100 degrees F stor- 
age. The latter rather high temperature was included to ap])roach 
temperatures prevailing in desert or tropical regions, and hence of 
special interest to the armed forces. 

Samples for analyses were taken at 90-day intervals from that fruit 
stored at 33 and 65 degrees F, and at more frequent intervals from 
samples stored at 100 degrees, since deterioration at this latter tem- 
perature took place more rapidly. Ascorbic acid was determined by 
the method of Bessey and King (1), after first neutralizing the 
sulfur according to the report of Mapson (3). Modifications by Mrak 
(4) of the method of Nichols and Reed (6), were used to determine 
sulfurous acid in the samples. Sugars and starch were determined by 
the Heinze and Murneek modification of the Shaffer- Somogyi method 
( 2 ). 

Each sample of fresh fruit for analysis was made up of two pie- 
shaped segments of flesh only, taken from each of 20 apples. Tn prep- 
aration for dehydration, the fresh apples, after coring and peeling, 
were divided longitudinally by machine into 16 pie-shaped sections. 
Each sample of dehydrated fruit for chemical analysis consisted of a 
minimum of 130 of the dried sections. Duplicate determinations were 
made for all chemical data reported. 

Results 

Storage at 33 and 65 Degrees F : — Since this work was pritnarily 
concerned with preservation in high temperature storage, the material 
at 33 and 65 degrees was limited to air packs of the various sulfur treat- 
ments. Cumulative losses of sulfurous acid and ascorbic acid from de- 
hydrated apples stored at these two lower tem])eratures arc summarized 
in Table I. From these data it is evident that in nearly every case tin* 
greatest decrease in sulfurous acid occurred in the lirst 90 days of 
storage. With the exception of lot 120 at 65 degrees, and lot 121 at 33 
degrees, all lots showed a progreSvSive decrease in sulfurous acid dur- 
ing storage, and these losses are shown to be significant. Storage tem- 
peratures definitely influenced the amount of sulfurous acid loss for, 
with one exception, all lots had significantly greater loss at 65 degrees 
than at 33 degrees F. 

The loss of ascorbic acid from the various samples stored at 33 and 
65 degrees F was not marked, but the sulfur treatments, as well as the 
storage intervals, did result in significant differences in ascorbic acid 
loss as determined by analysis of variance of cumulative losses in Table 
I. The lots 122 and 123, which received the heaviest sulfuring, showed 
the best retention of ascorbic acid during storage, and differences in 
favor of sulfuring treatments were highly significant, as were the dif- 
ferences produced by the length of time the samples were stored. Except 
for lot 123, the greatest loss of ascorbic acid occurred during the first 
90 days of storage. Ascorbic acid in lot 123 remained near the initial 
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TABLE I — Cumulative Losses of Sulfurous Acid and Ascorbic Acid, 
Shown by Analysis During Storage, in Dehydrated Stayman Wine- 
sap Apples as Affected by Storage Temperature and by Treatments* 
at the Time of Dehydration 


Days Stored 

Cumulative Loss** of Sulfurous Acid 
(Ppm) 

Cumulative Lossf of Ascorbic Acid 
(Mg/100 Gr) 


33 Degrees P 
Storage 

65 Degrees P 
Storage 

33 Degrees P 
Storage 

65 Degrees F 
Storage 

90 ( 

70 1 

Lot 120 

1 142 1 

1 1.5 

1 1-7 

180 1 

128 i 

161 

2.2 

2.4 

270 1 

197 1 

1 149 ! 

1 2.6 

! 3.0 

90 

1 60 1 

Lot I 2 I 

I 131 ! 

1 1-4 

f 1.9 

180 

50 

157 

2.2 

1.8 

270 

1 103 1 

1 227 1 

1 2.7 

1 2.2 

90 

1 57 1 

Lot 122 

1 207 

1 0.9 

1 2.0 

180 

97 

217 

1,3 

1.7 

270 

1 111 1 

1 235 

1 2.0 

1 1.9 

90 

158 

Lot 123 

1 271 

1 0.1 1 

0.3 

180 

168 

258 

0.1 

0.2 

270 

231 

1 347 

1 1.1 1 

1.2 


*Lot 120, sulfured at 10 Ibs/ton, dried; lot 121, sulfured at 10 lbs /ton, dned, re-sulfured at 
10 Ibs/ton; lot 122, sulfured at 10 Ibs/ton, dried, re-sulfured at 20 Ibs/ton; lot 123, sulfured at 
10 Ib^ton, steam-blanched 30 seconds, dried, re-sulfured at 20 Ibs/ton. 

★★Differences necessary for significance: between temperatures — 100.6 at 5 per cent point; 
between storage intervals — ^28.6 at 1 per cent point. 

tDifferences necessary for significance: between lot treatments — 0.508 at 1 per cent point; 
between storage intervals — 0.252 at 1 per cent point. 


level at both temperatures. This is evidence that the steam blanch was 
of some value in increasing retention of ascorbic acid through the stor- 
age period. No significance can be attached to differences between 
temperature treatments. 

Sugar determinations (not presented in tables) on samples stored 
at 33 and 65 degrees F showed no significant change in any treatments 
during the storage period. With some variations, reducing sugars re- 
mained essentially at a constant level, as did non-reducing and total 
sugars. These data were not in agreement with results of some earlier 
storage work of 1943 where a gradual accumulation of reducing sugars 
was found in dehydrated apples held in cold and common storage for 
1 year. This possibly can be explained on a basis of results of qualitative 
enzyme determinations. In all samples stored during the earlier work 
of 1943, a positive peroxidase test was obtained ; in the fruit stored in 
this later .work, a negative peroxidase reaction with guaiacol resulted. 
Thus, enzyme activity could have been responsible for reducing sugar 
accumulation previously recorded. 

The flavor, color and general appearance of all samples stored at 
both 33 degrees and 65 degrees was essentially the same after 9 months 
of storage compared to the condition at the beginning of the storage 
period. No difference could be detected in visible characteristics, and 
no off-flavors or hay-like odors developed under either storage temper- 
ature. 
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Sfora{;e at 100 Degrees F.— The progressive stages of darkening of 
the dehydrated apples stored at 100 degrees F have heen pictured and 
described (7). Table II presents the ascorbic acid content of samples 
taken at intervals during 270 days of 100 degrees F storage. Losses of 
ascorbic acid were closely correlated with decreases in sulfurous acid 
throughout the storage period (Table III). Lot 120. which received 


TABLE II— Ascorbic Acid Content, Expressed as Milligrams per 100 
Grams, of Dehydrated Stayman Winesap Apples Stored at 100 De- 
grees F 


Lot 

No.* 

Nature 
of Pack 

Initial 
Sulfurous 
Acid Content 
(Ppm) 

Moisture 
After De- 
hydration 
(Per Cent) 



Days Stored 



0 

36 

00 

90 

120 

150 

270 

120 

Air 

1,321 

13.5 

10.2 

5.1 

4.3 

4.1 

2.0 

0 

0 

120 

Vacuum 

1.321 

13.5 

10.2 

7.1 

4.8 

5.0 

4.4 

0 

0 

120 

CO. 

1,321 

13.5 

10.2 

5.5 

5.0 

4.4 

3.3 

0 

0 

121 

Air 

1,351 1 

13.0 

10.3 

6.5 

4.5 

4.5 

2.4 

0 

0 

121 

Vacuum 

1,351 

13.0 

10 3 

7.7 

6.0 

0.4 

4.7 

0 

0 

121 

CO. 

1,351 1 

13.0 

10.3 

5.8 

5.2 

5.5 

1 

4.0 

0 

0 

122 

Air 

1.407 1 

12.8 1 

10.0 

0.6 

5.0 

1 4.6 

2.8 

0 

0 

122 

Vacuum 

1,407 

12.8 1 

10 0 

8.3 

7.2 

6.8 

6.0 

4.3 

0 

122 

CO. 

1,407 

12.8 

10.0 

6.9 

5.3 

4.9 

4,2 

0 

0 

123 

Air 

1,768 

U.O 

9.6 

8.1 

5.1 

4.8 

3.2 

0 

0. 

123 

Vacuum 

1,768 

11.0 

96 

9.0 

7.8 

7.4 

6.4 

,5.2 

0 

123 

CO, 

1,768 

U.O 

9.6 

87 

7.2 

6.0 

5.0 

4.7 

0 

124 

Air 

1,466 

29 

10.1 

— 

— 

8.4 

— 

5.6 

3.4 


♦See ‘'Materials and Methods" for treatments. 


TABLE III— Sulfurous Acid Content, Expressed as Parts Per Million 
OF Dehydrated Stayman Winesap Apples Stored at 100 Degrees P. 
Stages of Darkening* Also are Shown to Correlate With Sul- 
furous Acid Content 


q o 

Nature 
of Pack 




Days Stoied 


0 

36 

GO 

00 

120 

150 

270 



120 

Air 

1,321 

875 (II)t 

406 

IV) 

ID 

269 (V) 

0 

0 

0 

120 

Vacuum 

1,321 

1,099 

798 

538 (IV) 

226 (V) 

180 

173 

120 

CO> 

1,321 

988 (ID 

586 (IV) 

353 (V) 

82 

0 

0 

121 

Air 

1.351 

964 

746 

,11) 

ID 

671 (IV) 

123 (V) 

0 

0 

121 

Vacuum , 

1,351 

1,152 

949 

7.57 (IV) 

277 (V) 

192 

88 

121 

COa 

1.361 

1,035 

606 


552 (IV) 

205 (V) 

93 

0 

122 

Air I 

1,407 

1,122 

959 

ID 

716 (IV 

330 (V) 

144 

164 

122 

Vacuum 

1,407 

1,252 

950 


1,007 (IV 

534 (V) 

361 

299 

122 

COa 

1,407 1 

1,099 

899 

ID 

622 (IV) 

216 (V) 

199 

164 

123 

Air 

1,768 

1,229 

1,040 (ID 

829 (IV) 

441 (V 

268 

279 

123 

Vacuum 

1,768 

1,388 

1,343 


880 

810 

402 (ID 
412 (IV) 

404 (V) 

123 

COa 

1,768 

1,406 

1,403 


1,130 (ID 

687 

336 (V) 

124 

Air 

1.466 


— 

— 

1,471 

— 

860 

759 CH) 


*See "Materials and Methods" for treatments. 

tStages of darkening, represented by Roman numerals, were illustrated in a previous publica- 
tion (7). Stage II was first appearance of light brown discoloration; Stage IV was brown discolora 
tion of entire piece; and Stage V was brownish black discoloration, an unappetizing, inedible stage" 

only the standard sulfuring, lost ascorbic acid at a considerably higher 
rate than did ariy of the other treatments ; lot 123, which had the high- 
est sulfurous acid content at the beginning of storage, retained the most 
ascorbic acid on a proportionate basis, even though the fruit in this 
treatment was somewhat lower in ascorbic acid after steam blapching 
and dehydration. 4 The data on lot 124, dried an additional 8 hours to a 
moisture content of 2.9 per cent,- provide evidence that the combination 
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of low moisture and a relatively high sulfur content is necessary for 
high retention of ascorbic acid in dehydrated fruit stored at high tem- 
perature. Throughout the storage period this lot was consistently high- 
er in ascorbic acid, and at the end of 9 months of storage, this sample 
was only beginning to exhibit the initial stages of darkening, com- 
pared to complete discoloration of all other lots. After 270 days of 
storage, the loss of ascorbic acid from lot 124 was approximately 66 per 
cent compared to a loss of 100 per cent for all other samples. Material 
from lot 124 was not stored at 33 or 65 degrees F, but it may be as- 
sumed that losses under those lower temperatures would be very small. 

In every comparison of fruit of similar moisture content, the vacuum 
pack was more effective in ascorbic acid retention than the carbon 
dioxide pack, whereas both were clearly superior to the air pack in this 
respect. The data show, however, that pack atmosphere was not as 
important as the moisture content of the fruit in rentention of ascorbic 
acid, as shown by comparing lot 124 to all other treatments, regardless 
of the nature of the pack. The fruit making up lot 124 was sealed in 
air only ; therefore, the difference between the low-moisture, air-packed 
apples and the other treatments of higher moisture contents, sealed in 
gas or vacuum, becomes of even greater significance. It would seem 
that sealing of low-moisture, dehydrated apples (3 per cent moisture or 
less) in carbon dioxide or in vacuum would offer the possibility of even 
greater ascorbic acid retention at high temperature storage. 

The sulfurous acid contents of the several lots stored at 100 degrees 
F, as recorded in Table III, show that the low-moisure fruit (lot 124) 
was clearly superior to all other lots in that approximately 50 per cent 
of the sulfurous acid was retained after 9 months of storage, whereas 
the other samples lost from 77 to 100 per cent of initial sulfurous acid 
in the same period. Other differences among the lots were apparent to 
the extent that increased sulfuring, and sulfuring plus steam blanching, 
definitely increased the retention of sulfurous acid during storage, de- 
spite relatively small differences in initial sulfur content. In respect to 
types of pack, vacuum packed fruit retained the most sulfurous acid, 
CO 2 pack was next in retention, while air packed fruit was poorest in 
this respect. There was a fairly close relation between the amount of 
sulfurous acid and the development of discoloration at any given sam- 
pling date. Apparently when the sulfurous acid content dropped below 
1000 ppm the initial discoloration occurred. 

Quantitative sugar and starch analyses on all lots stored at 100 de- 
grees F revealed that the four lots of comparable moisture content (120, 
121, 122 and 123 (had similar changes throughout the storage period. 
Therefore, the figures from these four groups were averaged and com- 
pared in Table IV to the sugar and starch determinations of lot 124, 
the low-moisture fruit. These data indicate a slow, continuous hydroly- 
sis of the relatively low remaining starch in both groups. In the high- 
er-moisture fruit, there was a gradual increase of reducing sugars after 
90 days to the end of the storage period when reducing sugars averaged 
63 per cent compared to an average of 50 per cent at the beginning of 
storage. In the low-moisture fruit, on the other hand, this increase in 
reducing sugars did not take place ; a slight decrease was recorded in 



78 AMERICAN SOCIETY FOR HORTICULTURAL SCTENCE 


TABLE IV— Sugar and Starch Content of Dehydrated vStayman 
W iNESAP Apples Sealed in Air and Stored at 100 Degrees F 
(Expressed as Per Cent of Dry Weight) 


Days 

Reducing 

Non-i educing 

Total 


Stored 

Sugars 

Sugars 

Sugar.s 

Starch 


Averages of Lots 120, J 2 i, 122 and I2j 


0 

49.9 

19.9 

69 8 

1.63 

7 

49.7 

19.7 

69.4 


14 

49.6 

19.0 

68.6 


20 

48.5 

17.9 

66.4 


36 

50.0 

16.0 

66.0 


60 

49.9 

13.8 

63.7 


90 

50.2 

10.0 

00.2 

i.r>c> 

120 

52.9 

8.8 

61.7 


120 

53 8 

6.9 

,50.7 

1 49 

200 

57 9 

10.9 

08 8 

270 

62.7 

7.3 

Lot 124 

70.0 

1.41 

0 

50.1 

20.1 

70.2 

1.45 

14 

48.1 

16.8 

64.9 


20 

48.2 

15 3 

63,5 


90 

50.6 

13.0 

63.6 


150 

40.0 

21.3 

70.3 

1 42 

270 

49.8 

23.4 

73.2 

l.,37 


the first 20 days of storage, after which time reducing sugars remained 
around the initial figure of 50 per cent. Non-reducing sugars steadily 
decreased in the higher moisture fruit; in lot 124, the decrease con- 
tinued only until the 90th day, after which there was a marked ac- 
cumulation. 

To determine what effect pack atmosphere might have on sugar 
changes in dehydrated apples stored at high temperature, sugar de- 
terminations were made on samples from lot 120, the standard sulfuring 
treatment, packed in air, CO 2 , and in vacuum. These analyses are pre- 


TABLE V — ^Effect of Carbon Dioxide, Vacuum and Air Packs on 
Changes of Sugars and Starch in Dehydrated Stayman Winksap 
Apples Stored at 100 Degrees P (Expressed As Per Cent of Dry 
Weight) 


Days I 

Reducing 

Non-reducing 

Total 

Stored 

Sugars 

Sugars 

Sugars 


starch 


Air Pack 


0 

60.8 

22.0 

90 

50.1 

8.4 

150 

54.7 

4.4 

200 

59,5 

7.2 

270 

63.4 

6.7 

Vacuum Pack 

0 

49.4 

18.8 

90 

65.4 

15.7 

150 

69.9 

11,4 

200 

63.0 i 

7.5 

270 

61.4 

11.0 

CO, Pack 

0 

50.6 

20.0 

90 

56.3 

15.5 

150 

60.2 

11,6 

200 

63.3 

8.1 

270 

64.2 

7,2 


72,8 

58.5 

59.1 
06.7 

70.1 


68.2 

71.1 

71.3 
70.6 

72.4 


1.65 

1,56 

1.52 

1.46 

1.34 


1.64 

1.67 

1.47 

1.45 

1.47 


70.6 

1.62 

71.8 

1.56 

71,8 

1.48 

71.4 

1.49 

71.4 

1,49 
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sented in Table V. Reducing sugars increased in all three types of pack 
atmosphere, but somewhat more slowly during the initial period in the 
air pack compared to the CO 2 and the vacuum pack. Non-reducing 
sugars decreased markedly in all packs during the storage period, but 
with distinct differences among packs. In the air pack this reduction 
took place rapidly, whereas in the gas and vacuum packs, the decrease 
in non-reducing sugars was more gradual. Starch determinations indi- 
cated a continuous hydrolysis of starch which was somewhat more rapid 
and continued to a greater extent in the air packed apples than in the 
gas or vacuum packed fruit. 

Discussion and Conclusions 

With dehydrated apples, the useful length of storage life under rel- 
atively high temperatures, such as 100 degrees F, apparently can be 
extended (7) far beyond the few days normally expected. The major 
factors contributing to such longer life appear to be ; first and foremost, 
low moisture content of the dried product ; second, a high retention of 
sulfurous acid, probably aided by high initial sulfur content ; and third, 
a minimum of air in the package, such as found in the use of the vacuum 
pack. 

During storage, chemical changes do occur, including loss of ascorbic 
acid, loss of sulfurous acid, hydrolysis of starch, increases in reducing 
sugars and decreases in non-reducing sugars. The carbohydrate changes 
were noted in spite of a negative peroxidase test after dehydration, but 
such carbohydrate changes were practically nil at ordinary temperatures 
(except when peroxidase test was positive), and also were relatively 
small in material dried to low moisture content (2.9 per cent). 

Although chemical changes were not pronounced at lower tempera- 
tures during the 9 months of storage, there were significant differences 
showing somewhat greater changes at 65 degrees than at 33 degrees F, 
although at both temperatures the major portion of the changes occur- 
red the first 90 days. Differences due to sulfuring treatments were sig- 
nificantly evident at all storage temperatures, but at 100 degrees F, the 
chemical changes were markedly accelerated and differences in sulfur- 
ing and drying treatments exerted greater effects.^ 

No attempt will be made to explain all the chemical changes. It is well 
known that the presence of oxygen and high temperature result in more 
rapid loss of ascorbic acid, as shown. High temperatures and time could 
also have specific effects on carbohydrate changes in the presence of 
moisture. The loss of sulfurous acid and changes in color of the dried 
fruit need more investigation to determine the products and factors 

involved. . . , 1 

From a practical standpoint, it would be interesting to know the 
maximum moisture content which would be sufficient in combination 
with vacuum pack to insure commercial shelf life at ordinary tempera- 
tures. No doubt, the drying to 3 per cent moisture, plus a vacuum pack, 
would give much longer life than needed in commercial handling. 
Further work on the use of blanching in relation to sulfur retention and 
the rapidity of drying appears important from a commercial point of 
view. 
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The Effects of Nitrogenous Fungicides and Insecticides 
on the Chlorophyll Content of Apple Leaves^ 

By Joseph E. Wentzler and David G. White, Pennsylvania 
State College, State College, Penn. 

T he use of urea for foliar fertilization of apple trees has become 
popular with many orchardists. In this connection the question 
has arisen as to whether nitrogenous fungicides and insecticides also 
might supply nitrogen directly to the leaves. The experiment described 
herein was designed to determine if nitrogen is utilized directly from 
such sprays. The chlorophyll content of the leaves was chosen as a 
unit for comparison because Boynton, Compton, Fisher and Skodvin 
(1,2, 3, 4) have found it one of the best methods for comparing nitro- 
gen in leaves of apple trees. *Tt is actually better than the nitrogen 
content of the leaf since the nitrogen has little effect on the vigor of 
the tree until it increases the chlorophyir’ (3). 

Dormant 2-year-old McIntosh and Stayman Winesap trees on seed- 
ling rootstocks were planted individually in 4-gallon stone glazed 
crocks in early April 1949. A mixture of two-thirds clay subsoil and 
one-third quartz sand was used as the substratum with the expectation 
that the trees would develop with a need for additional nitrogen. Each 
tree was pruned to a stub 4 to 6 inches in height at the time of planting 
and two or three shoots were allowed to develop from each stub. They 
were started in a greenhouse and placed outside on May 19 arranged 
in a split-plot design with each tree considered as an individual plot. 
Twenty-four trees of each variety were divided into four replications 
of six treatments. The five spray materials described in Table I were 
chosen for comparison with trees not treated. 


TABLE I — Spray Materials Tested for Their Effects on Chloro- 
phyll Content of Apple Leaves 


Material* 

Active Ingredient 

Rate 
Applied 
Per 100 
Gallons 

Amount 
of Nitro- 
gen Per 
100 Gal- 
lons 
(Gms) 

NuGreen 

Urea 

5 lbs 

975 

Permate 

Ferric dimethyldithiocarbamate 

l^lbs 

49 

Crag 341 

Parathion (25 per cent wettable pow- 
der 

Phenothiazine (Micronized uncon- 
ditioned) . . . 1 

2-hepta-decyl-glyoxalidine 

Diethyl-paranitrophenyl-thiophosphate 

1 qt 

11b 

lib 

31 

5 

Phenothiazine 

59 


♦All of these are well known propnetary compounds. 


Each material was mixed with tap water and 4 ounces of Soya 
flour per 100 gallons was added as a spreader-sticker. Applications 
were made with a hand atomizer and all the leaves on each tree were 
sprayed to run-off under a movable canopy which prevented drift. No 
other spray materials were used and no injuries associated with spray 
materials occurred. 

^Authorized for publication on October 18, 1949, as Paper No. 1552 of the 
Journal Series of the Pennsylvania Agricultural Experiment Station. 
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The first applications were made on July 13 at which time tlie 
greater part of the foliage was fully expanded. As was anticipated, the 
trees did not appear in a state of good nutrition and, therefore, should 
have been receptive to additional nitrogen. Twenty-five comparable 
leaves on each tree had a single punch 1 square centimeter in area 
removed from the laminae and collected as a composite sample for 
chlorophyll determination. The first set of samples was taken im- 
mediately before applying the first sprays. A second set of samples 
was taken from the same leaves 10 days after the first sprays were 
applied and immediately before the second application on July 23. A 
third set of samples was taken from the same leaves 10 days after the 
second application and immediately before the third application on 
August 3. The fourth and last set of samples was taken from the same 
leaves on August 13, 10 days after the third application. 

In preliminary samplings on trees not used in the experiment it was 
found that there was practically no variation in chlorophyll content of 
punches taken from different parts of the laminae of fully expanded 
leaves. Practically no change in chlorophyll content occurred in leaves 
sampled four times at 4-day intervals and there was practically no 
variation in chlorophyll contents of leaves at the base of a shoot in 
comparison with leaves progressively nearer the tip. The leaf punches 
were placed in alcohol immediately after removal and the chlorophyll 
was extracted in the manner described by Compton and Boynton (2). 
Determination of the chlorophyll concentration was made by meaiLs of 
a Coleman spectrophotometer in camparison with a preparccl standard. 

The results are summarized in Table II and expressed as milligrams 
of chlorophyll per 100 square centimeters of leaf area. All of the data 
were subjected to analysis of variance to determine significant varia- 
tions. There were no significant differences in chlorophyll content 
of leaves from trees of the same variety prior to treatment or after 
treatment on each sampling date. There were no significant differences 

TABLE II — Mean Chlorophyll Content Per 100 Squario Ckntim1':tkrs 
OF Leaf Area of McIntosh and Stayman Winksap Appi.k Leaves 
Given Six Different Spray Treatments and Sampled on Pour Datick 





Spray Treatments 



DifTer- 
ence Re- 
(luirod for 
Signifi- 
cance at 

5 Per Cent 
Level 
(Mgs) 

Date 

Sampled 

Variety 

Check 

(Mgs) 

Nu- 

Green 

(Mgs) 

Per- 

mate 

(Mgs) 

Crag 

341 

(Mgs) 

Pheno- 

thia- 

sine 

(Mgs) 

I 

Para- 

thion 

(Mgs) 

Mean 

(Mgs) 

July 13 

(Prior to spray 

McIntosh 

2.2 

2.3 

2.0 

2.2 

2.3 

2.r) 

2.3 

0.56 

application) 

Stayman 

3.2 

2.8 

2.8 

3.1 

3.1 

3.0 

3.0 

July 23 




i 






(10 days after 1st 

McIntosh 

2.2 

2.4 

2.1 

2.2 

2.3 

2.7 

2.3 

0.05 

application) 

Stayman 

3.2 

2.8 

2.9 

3.1 

3.2 

3.0 

3,0 

August 3 










(10 days after 2nd 

McIntosh 

2.1 






2.2 

0.01 

application) 

Stayman 

3.0 






2.9 

August 13 










(10 days after 3rd 

McIntosh 

2.1 

2.2 

1.9 

2.1 

2.2 

2.3 

2 1 

0.64 

application) 

Stayman 

3.0 

2.7 

2.6 

2.9 

2.9 

2.6 

2.8 
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in chlorophyll content of leaves from trees of the same variety sampled 
on the different dates. Leaves of Stayman Winesap consistently con- 
tained significantly more chlorophyll than leaves of McIntosh. There 
were no consistent visible differences in the appearance of the foliage 
given different treatments and no pathological diseases, such as scab, 
or insect injuries occurred on any of the trees used in this experiment. 

A second set of data was obtained from mature McIntosh and Stay- 
man Winesap apple trees under treatment by the Pathology Division 
of the Department of Botany^. The treatments are described in Table 
III where it will be noted that check trees were included which did not 


TABLE III — Nitrogenous Spray Materials Applied on Mature 
McIntosh and Stayman Winesap Apple Trees 


Nitrogenous 

Material 

Variety 

Sprays Applied Which Included Nitrogenous 
Material 

Rate 

Applied Per 
100 Gallons 

Check 

McIntosh 

No sprays 

0 


Stayman 

No sprays 

0 

NuGreen plus 

McIntosh 

No sprays 

0 

sulfur 

Stayman 

Pink, petal fall, first cover* 

1 a lbs 

NuGreen plus 

McIntosh 

No sprays 

0 

Crag 341 

Stayman 

Pink, petal fall, first cover with NuGreen*, Crag 341 
as below** 

5 lbs, 1 pt 

Crag 341 

McIntosh 

Pre-pink through fifth covert 

1 qt 

Stayman 

Pre-pmk through fourth cover** 

1 qt 

Fermate 

McIntosh 

Pre-pink through fifth coverf 

IHlbs 


Stayman 

Pre-pmk through fourth cover** 

iHlbs 


♦First cover spray applied May 23. 
♦♦Fourth cover spray applied July 21, 
t Fifth cover spray applied July 28. 


receive any spray throughout the season. The check trees of McIntosh 
suffered severely from injury by scab, in particular; foliage of the 
Stayman Winesap checks appeared to be in fair condition. NuGreen 
was included with wettable sulfur in one treatment and was included 
with Crag 341 in another treatment. Non-nitrogenous insecticides 
were included in sprays when required. Duplicate samples of 25 leaf 
punches were taken from comparable leaves 5 to 7 feet above the 
ground around the periphery of each tree on August 23. The chloro- 
phyll content of each sample was determined as described previously. 
The trees were a part of a statistical design which allowed for analysis 
of variance within each variety and the data are presented in Table IV. 

The chlorophyll contents of duplicate samples from each tree were 
almost always in relatively close agreement, which indicated that the 
sampling procedure was satisfactory. The chlorophyll content of leaves 
on McIntosh trees given eight sprays containing Crag 341 was greater 
to a highly significant degree than the chlorophyll content of leaves 
from check trees. Leaves from McIntosh trees given eight sprays con- 
taining Fermate contained significantly more chlorophyll than leaves 
from check trees. There was no significant difference in chlorophyll 

“Through the courtesy of Dr. H. W. Thurston, Jr., Professor of Plant 
Pathology. 



84 AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 

TABLE IV — The Chlorophyll Content Per 100 Square Centimeters 
OF Leaf Area of Duplicate Samples Obtained from Mature Trees 
August 23, 1949 


Nitrogenous Spray Matenal 


Replicate 

Check 

NuGreen Plus 

NuGreen Plus 

Crag 341 

Fermate 


(Mgs) 

Sulfur (Mgs) 

Crag 341 (Mgs) 

(Mgs) 

(Mgs) 


McIntosh 


1 . . 

2.29 

2.29 

— 

— 

— 

— 

3.36 

3.47 

3 08 

3.03 

2 

2.40 

2.76 

— 

— 

— 

— 

3.19 

3.11 

2.61 

2.46 

3 .. . . 

1.92 

1.95 

— 

— 

— 

— 

2.84 

3.06 

2.68 

2.61 

4 . .. 

2.24 

2.24 

— 

— 

— 

— 

3.25 

3.11 

3 03 

2.97 

5 

2.24 

2.24 

— 

— 

— 

— 

2.61 

2.61 

2.81 

2.87 

Mean* .... 

1 2.3 



— 

- 

3. 

,1 

2 . 

,8 


Stayman Winesap 


2 

4.33 

3.84 

4.17 

4.17 

4.14 

4.21 

4,24 

■ae.tju 

4.11 

o.ox 

4 08 

Q.UU 

3.87 

3 

3.43 

3.43 

3.36 

3 36 

4.14 

4.14 

3.90 

3.99 

3.96 

4.21 

4 

4.36 

4.02 

3.72 

3.72 

4 49 

4.49 1 

3.47 

3.47 

3.72 

3.72 

5 

4.09 

3.84 

3.25 

3.14 

4.30 

4.11 

4.36 

4.36 

3.90 

3.81 

Meant .... 

i 4:0 1 

1 3.6 1 

1 4:3 j 

4. 

,1 

3. 

9 


♦Diflerence required for significance at 5 per cent level = 0.5. at 1 per cent = 0.7. 
tDifference required for significance at 5 per cent level ~ 0.4, at 1 per cent — 0.6. 


content between leaves of McIntosh trees sprayed with Crag 341 and 
with Fermate. The chlorophyll content of leaves of Stayman Winesap 
trees sprayed three times with NuGreen plus seven times with Crag 
341 was greater to a highly significant degree than that in leaves of 
trees sprayed only three times with NuGreen plus sulfur and was 
si^ificantly greater than tliat in leaves of trees sprayed seven times 
with Fermate. Leaves of check trees and trees sprayed seven times 
with Crag 341 contained significantly more chlorophyll than leaves of 
trees sprayed three times with NuGreen plus sulfur. There were no 
other significant differences among treatments. 

Discussion and Summary 

Three applications of NuGreen, Fermate, Crag 341, Phenothiazine, 
and Parathion sprayed on fully expanded leaves of young McIntosh 
and Stayman Winesap potted trees did not result in significant changes 
in chlorophyll content as compared with leaves of check trees under 
the conditions of this experiment. Possibly leaves as nearly mature 
as those used did not utilize the nitrogen supplied in the foliar sprays 
or the leaves may have been in a state of nutrition unfavorable for 
nitrogen utilization as supplied by foliar sprays. Perhaps sampling 
sooner than 10 days after spraying might have resulted in significant 
differences which were not apparent 10 days after spraying. Leaves 
of Stayman Winesap consistently contained more chlorophyll per unit 
area than McIntosh leaves probably because of their greater thickness. 

L^yes of mature McIntosh trees sprayed with two nitrogenous 
fungicides and leaves of mature Stayman Winesap trees sprayed with 
four nitrogenous fungicides were sampled only once on August 23. 
These data showed that eight applications of Crag 341 on one set of 
McIntosh trees and that eight applications of Fennate on another set 
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resulted in a higher chlorophyll content of leaves than of those on 
check trees. The check trees, however, were so severely injured by 
scab that they could not be considered good comparisons. No signifi- 
cant dijBference was found between leaves sprayed with the two ma- 
terials. Periodic sampling throughout the season might have indicated 
^differences not apparent by sampling on August 23 but this procedure 
was not feasible on these particular trees which were a part of another 
experiment. Leaves of Stayman Winesap trees not sprayed, those 
sprayed seven times with Crag 341, and those sprayed three times with 
^NuGreen plus seven times with Crag 341 contained more chlorophyll 
than leaves sprayed only three times with NuGreen plus sulfur. It 
is assumed that the sulfur depressed the chlorophyll content of leaves 
in the latter treatment. The possible effects of NuGreen last applied 
on May 23 apparently no longer existed by August 23 when the leaves 
were sampled. The combination of three NuGreen sprays and seven 
Crag 341 sprays resulted in more chlorophyll per unit area of leaves 
than of those sprayed seven times with Fermate. There were no other 
significant differences among treatments on August 23 but this fact 
does not preclude the possibility of differences earlier in the season. 
There was definitely no pronounced cumulative effect of the nitrogen- 
ous sprays on the Stayman Winesap trees as indicated by the fact that 
none of the treatments resulted in a significantly higher chlorophyll 
content than that in leaves of check trees on August 23. 

Literature Cited 

1. Boynton, D., Compton, 0. C., and Fisher, E. G. Further work on leaf 

nitrogen and leaf color as measures of the nitrogen status of fruit trees. 

Proc. Amer. Soc. Hori. Sci. 52 : 40-46. 1948. 

2. Compton, 0. C., and Boynton, D. A rapid method for the determination of 

chlorophyll in apple leaves. Proc, Amer. Soc. Hort. Sci. 46 : 45-50. 1945. 

3. Fisher, E. G. Nitrogen fertilization of the apple with leaf sprays of urea, 

Proc. State Hort. Assoc, of Pa. News 26 (1) : 57-61. 1949. 

4 ^ Boynton, D., and Skodvin, K. Nitrogen fertilization of 

the McIntosh apple with leaf sprays of urea. Proc. Amer. Soc. Hort. Sci 

51:23-32. 1948. 



Growth of the Olive Fruit^ 

By H. T. Hartmann, University of California, Davis, Calif. 

G rowth of developing olive fruit was studied during the 1946, 1947, 
and 1948 seasons in connection with a general research program 
on olive culture in California. The olive is a broad-leaved evergreen, 
subtropical tree. It differentiates its floral parts in the spring, about 8 
weeks preceding bloom, which generally occurs during May. The flow- 
ers are of two types : perfect and staminate. They are formed in prodi- 
gious numbers, and are borne on inflorescences arising in the axils of 
the leaves on wood of the preceding year's growth. The staminate 
flower is similar to the perfect flower except that the pistil is rudimen- 
tary. The olive is wind-pollinated and the varieties grown in California 
are considered to be self-fruitful. The staminate flowers drop soon after 
bloom, and many of the perfect flowers also drop after varying degrees 
of development. Fruits still adhering by the first of July generally con- 
tinue to develop and mature. 

The olive fruit is of the drupaceous type (4), with a stony endocarp, 
a fleshy mesocarp, and a smooth, skin-like epicarp. There are potenti- 
ally two carpels and four ovules. However, only one embryo and one 
carpel are usually involved in the development of the ovary because one 
of the four ovules is fertilized and the other three ovules degenerate 
(4) . The olive fruit is harvested for pickles in California during Octo- 
ber or early November, when the surface of the fruit has changed from 
deep green to straw color. If not picked, however, the fruit will ad- 
here until late winter or early spring before dropping. Olives to be used 
for oil extraction are generally harvested during Decem1)er or January. 

Methods 

The Manzanillo variety was used in the 1946 tests. Fruit was ob- 
tained at approximately 2-week intervals from a mature tree growing 
at Davis. Collections w^ere made from July 1 to December 1. One hun- 
dred fruits were obtained at 8 :30 a.m. on each sampling date. They 
were immediately measured with a vernier caliper at the point of great- 
est width of the cross diameter. The volume of the fruits was then ob- 
tained by displacement of water. At the time of each sampling, another 
lot of approximately 100 fruits was obtained for making oil-content 
determinations. A modification of a method used for cottonseed oil 
content determinations (7) was used. 

A very large number of fruits is borne on an olive tree in full pro- 
duction. The number of fruits sampled was proportionately so small 
that their removal is not believed to have affected the growth rate of 
the remaining fruits. 

A tree of the Mission variety growing at Davis was used for the 

^The 1946 oil content determinations were made by M. D. Nutting, U. S. 
Department of Agriculture, Western Regional Research Laboratory, Albany, 
California. A portion of the 1947 oil content determinations was made by Robert 
Webster, Chief^ Chemist, Lindsay Ripe Olive Company, Lindsay, California. 
Grateful appreciation is expressed for this assistance. 
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1947 tests. As in the 1946 studies, 100 fruits per sample were used, 
with collections made at 2- week intervals from June 13 to January 12. 
Cross-diameter measurements at the point of greatest width were made. 
The volume was also obtained by displacement of water. In addition, 
the fresh weight and the dry weight of the fruits were determined. The 
fruits were dried in an electric oven at 60 degrees C for 2 weeks before 
obtaining the dry weight. As in 1946, at each sampling date an addi- 
tional lot of approximately 100 fruits was secured for use in the oil- 
content determinations. The moisture content of the fruit samples was 
obtained by subtracting the dry weight from the fresh w^eight. The oil 
content was calculated as a percentage of both the fresh weight and the 
dry weight. The grams of oil per fruit were determined by multiplying 
the dry weight of the sample by the oil percentage of the dry weight. 
The ''dry matter other than oil” was calculated by subtracting the oil 
from the total dry weight. The oil in the fruit was retained in the sample 
during the drying process as it does not volatilize unless the drying 
temperature is somewhat over 100 degrees C. 

In the 1948 measurements, the Mission, Manzanillo, and Ascolano 
varieties were used. The fruit w-as taken from mature trees growing 
in a variety collection at Davis. One hundred fruits per sample were 
collected at 2-week intervals from June 29, 1948 to January 24. 1949. 
The fruit shriveled severel3^ however, after about November 20, due 
to low temperatures and drying winds. The data collected after Novem- 
ber 16 were therefore discarded. Fruit samples w^ere taken at about 
8:30 a m, and volume measurements were made by displacement of 
water. The fresh weight of the 100-fruit sample was taken. The fruit 
was then dried in an electric oven at 60 degrees C for 2 weeks, when the 
dry- weight measurements were obtained. No oil content determinations 
were made on the 1948 collections. 

Results 

] 946 : — ^Table I and Fig. 1 show that the Manzanillo olive fruit ex- 
hibits the cyclic growth behavior typical of the common drupaceous 
fruits, other than the almond (1), when size or fresh-weight measure- 
ments are used (2, 5, 6, 8). In Fig. 1, it is seen that w^hen fruit volume 

TABLE I — Growth Measurements and Oil Content of Manzanillo 
Olive Fruits, Davis, California, 1946 (Pull Bloom-May 23 ) 


Date of Growth Measurements Oil Content (Per Cent) 


Sampling 

Diameter (Mm) 

Volume* (cc) 

Fresh Weight 

Dry Weight 

Jul 1 

8.4 

0.5 

0.1 

0.4 

Jul 15 

11.4 

1.4 

1.0 

3.0 

Jul 29 

12.4 

1.5 

0.9 

2.4 

Aug 12 

13.6 

2.0 

1.9 

4.8 

Aug 23 

13.7 

2.0 

3.1 

8.4 

Sep 9 

14.1 

2.1 

6,8 

19.0 

Sep 28 

16.0 

2.9 

8.6 

23.5 

Oct 5 

15.8 

2.9 

10.9 

30.3 

Oct 19 

16.9 

3.4 

14.4 

38.3 

Nov 2 

16.5 

3,7 

15.2 

38.2 

Nov 15 

17.0 

3.7 

17.4 

42,3 

Dec 1 

17.1 

3.8 

17.4 

43.9 


’•‘Per fruit, based on an average of 100 fruits. 
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was used as a measurement of growth the first rapid size increase 
terminated about August 15, a date coinciding approximately with the 
beginning of the hardening of the pit. After a period lasting about 3 
weeks, rapid increase in volume was again resumed. This continued 
until about the first of November, when further size increase was not 
made until at least December 1, at which time mea.surcments were dis- 
continued. Coloring of the fruit (development of a cherry red color) 
coincided approximately with the aid of the last period of rapid growth. 

The oil content determinations of the Manzanil l o fruit during 1946 
showed very little synthesis of oil until about August 1. At that time 
oil production was initiated at a fairly uniform rate until about the first 
part of November, when further increase in oil content failed to appear. 

194T .•—The 1947 results with the Mission variety are given in Table 
II and Figs. 2, 3, and 4. Cyclic growth is again evident in the measure- 
ments of volume, cross diameter, and fresh weight. The curve for oil 
production in Fig. 3, based on actual amounts, shows some slight cyclic 
tendency. The curve for “dry matter other than oil”, however, shows 
no periodicity. The curve for moisture in Fig. 3, based on actual 
amounts rather than on percentage, shows a marked cyclic behavior 
following somewhat the pattern for the curve of the fresh weight of 
the fruit. During November, December, and January, there appeared 
to be a gradual decrease in moisture in the fruit. This was nullified by 
a steady increase in “dry weight other than oil” and a sharp rise in oil 
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TABLE II — Growth Measurements of Mission Olive Fruits, Davis, 
California, 1947 (Full Bloom-May 8) 


Date 

of 

Samp- 

ling 

Cross 

Diam- 

eter 

(Mm) 

Weight I 
(Gj 

i^er Fruit 
ns) 

Vol- 

ume 

Per 

Fruit 

(Cc) 

Moisture 

Content 

Oil Content 
(Per Cent) 

Oil Per 
Fruit 
(Gms) 

Dry Mat- 
ter Oth- 
er Than 
Oil Per 
Fruit 
(Gms) 

Fresh 

Dry 

Grams 

Per 

Cent 

Fresh 

Weight 

Dry 

Weight 

Jun 13 

5.6 

0.22 

0.08 

0.18 

0.14 

63.6 

0.7 

1.7 

0.001 

0.079 

Jun 27 

8.9 

0.70 

0.22 

0 89 

0.48 

68.6 

0.6 

1.9 

0.004 

! 0.216 

Jul 11 

11.0 

1.37 

0.50 

1.28 

0.87 

63.5 

0.7 

2.2 

0.011 

I 0.489 

Jul 25 

11.6 

1.59 

0.61 

1.45 

0.98 

61.6 

1.0 

2.6 

0.016 

0.594 

Aug 8 

12.4 

1.89 

0.75 

1.72 

1.14 

60 4 

2.9 

7.0 

0.053 

0.697 

Aug 22 

13 0 

2.08 

0.78 

1.93 

1.30 

62.6 

4.0 

10.0 

0.078 

0.702 

Sep 8 

13.5 

2.34 

0.92 

2.20 

1.42 

60.7 

6.8 

17.5 

0.161 

0.759 

Sep 19 

13.6 

2.32 

0,93 

2.20 

1.39 

60 0 

7.4 

17.7 

0.166 

0.764 

Oct 2 

13.8 

2.42 

0.92 

2.30 

1.50 

62.0 

8.3 

21.8 

0.201 

0.719 

Oct 17 

15.4 

3.21 

1.16 

3.10 

2.05 

63.8 

10.1 

30.0 

0.348 

0.812 

Oct 30 

16.0 

3.60 

1.27 

3.52 

2.33 

64.8 

12.1 

33.6 

0.427 

0.843 

Nov 18 

15.4 

3.33 

1.28 

3.20 

2.05 

61.6 

12.1 

31.9 

0.408 

0.872 

Dec 1 

16.8 

3.43 

1.40 

3.30 

2.03 

59.2 

14.3 

33.0 

0 462 

0.938 

Dec 15 

15.9 

3.58 

1.70 

3.40 1 

1.88 

52.6 

18.2 

37.8 

0.643 

1.057 

Dec 29 

16.0 1 

3.59 

1.52 

3.45 i 

2.07 

57 6 

21.1 

44.3 

0 673 

0.847 

Jan 12 

16.3 

3.84 

1.93 

3.75 

1.91 

49.8 

— 

— 

0 855* 

1.075 


*Asstiming per cent oil was the same as on December 29. 


TABLE III — Growth Measurements of Olive Fruits, Davis, California, 
1948 Mission, Manzanillo, and Ascolano Varieties (Full Bloom- 
JUNE 5)* 


Date 

Mission 


I 

^anzanilk 



Ascolano 


of 

Sampling 

Volume 

Fresh 

Weight 

Dry 

Weight 

Volume 

Fresh 

Weight 

Dry 

Weight 

Volume 

Fresh 

Weight 

Dry 

Weight 


(Cc) 

(Gms) 

(Gms) 

(Cc) 

(Gms) 

(Gms) 

(Cc) 

(Gms) 

(Gms) 

Jun 29 

0.02 

0.21 

0.06 

0.20 

0.20 

0.06 

0.14 

0.14 

0 04 

Jul 13 

0.05 

0.52 

0.17 

0.65 

0.57 

0.17 

0.51 

0.55 

0.15 

Jul 27 

1.04 

1.11 

0.34 

0.95 

1.02 

0.32 

1.41 

1.44 

0.37 

Aug 10 

1.32 

1.44 

0.53 

1.30 

1.37 

0.44 

2.21 

2.32 

0 76 

Aug 24 

1.61 

1.75 

0.69 

1.68 

1.77 

0.60 

2.95 

3.02 

0.94 

Sep 7 

1.97 

2.13 

0.84 

1.97 

1.96 

0.68 

3.99 

4.07 

1.28 

Sep 21 

2.20 

2.35 

0.89 

2.39 

2.46 

0.82 

4.21 

4.27 

1.32 

Oct 5 

2.13 

2.26 

0.87 

2.56 

2.61 

0.89 

4.65 

4.55 

1.46 

Oct 19 

2.70 

2.84 

1.13 

3.20 

3.22 

1.03 

5.98 

5,86 

1.80 

Nov 2 

2.92 

3.03 

1.18 

3.71 

3.68 

1.22 

5.92 

5.80 

1.78 

Nov 16 

3.25 

3.37 

1.42 

3.50 

3.44 

1.18 

6.50 

6.37 

2 02 


*Pigures given are per fruit based on an average of 100 fruits. 


content during December and January. As with the Manzanillo vari- 
ety in 1946, oil production started about August 1. In the Mission, it 
increased in amount at a fairly steady rate until December and Janu- 
ary, when there was a sharper rise in oil content. 

1^4S : — ^While cyclic growth was again found in the 1948 measure- 
ments, the second growth period was not so prominent as it was in the 
preceding 2 years. This is shown in the curves for volume measure- 
ments in Fig. 5. In comparing the growth rate of the three varieties, 
Ascolano, Manzanillo, and Mission, it was found that the Ascolano 
fruit, which is characteristically much larger than either the Manzanillo 
or Mission, made a considerably more rapid increase in size during the 
first growth period than did the other two varieties. The Manzmiillo 
and Mission fruits grew at practically the same rate during period I, 
although the Manzanillo continued growth for a somewhat longer time 
than did the Mission. In the third growth period, the fruits of the 
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Fig. 2. Fruit volume and cross diameter of the Mission olive during the 1947 
growing season at Davis. 


Manzanillo variety had a higher rate of growth than did those of the 
Mission in reaching their characteristically greater size. During the 
third growth period, Ascolano fruits increased in size at about the same 
rate as the Manzanillo. 


Discussion 

The profitable production of olives for pickles in California is depend- 
ent to a great extent on obtaining large-sized fruit. From this study it 
is apparent that it would be to the grower’s benefit to delay harvest 
until the fruit had completed the increase in size which occurs just be- 
fore the fruit starts to color. This pronounced size increase was com- 
pleted in the Manzanillo variety at Davis in 1946 by October 15. Tt was 
completed in the Mission variety at Davis in 1947 by the third week in 
October. 

The unusually cool weather conditions during April and May, 1948, 
over most of central California, delayed the olive blooming period about 
2 weeks at Davis. On account of this late start, the final increase in size 
of olive fruits in 1948 was not completed until about the middle of 
November. Unfortunately for growers who waited later than this for 
maximum fruit size, frosts and drying winds in late November severe- 
ly shriveled the fruit and made it unsalable for use as table olives. The 
fruit then had to be disposed of as the less profitable oil olives. 

The usual harvest period for pickling olives in California occurs 
from the first of October to mid-November depending upon the variety. 
Undoubtedly, therefore, much of the fruit is harvested after this period 
of “final swell’'. Growers who make a practice of early harvesting, how- 
ever, may not be obtaining the maximum size possible from their fruit. 
Factors other than fruit size, of course, may determine the optimum 
time to harvest the crop. These are largely the processing character- 
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Ftg. 3. Fresh weight, moisture, oil, and dry matter other than oil of Mission 
olives during the 1947 growing season at Davis ; weight per fruit, based on 
average of 100 fruits. 


istics of the variety, which necessitate harvesting at certain stages of 
maturity to make a satisfactory product. As shown in Fig. 3, the sharp 
increase in fruit size just prior to fruit coloring in October is accounted 
for largely by increased moisture in the fruit. There is no particularly 
large increase in oil or “dry weight other than oil’^ at this time. For 
the grower to obtain the full benefrt of this size increase it would appear 
necessary to keep the trees supplied with readily available water during 
this period of accelerated size increase. In fact, Hendrickson and Vieh- 
meyer (3) have found with the olive that when the soil moisture drops 
to the “permanent wilting percentage” it is reflected in a reduced rate 
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Fig, 4. Moisture content and oil content of Mission olive fruits during the 
1947 growing season at Davis. 


of size increase, which results in a smaller-sized fruit at maturation 
even though subsequent irrigations are given. 

As the Mission is the leading olive variety in California for the pro- 
ducton of olive oil, the data for oil content in this variety are interesting 
to study. The curve in Fig. 3 showing oil content agrees with the ex- 
perience of olive growers in that the oil content increases steadily into 
midwinter. Very few olives are harvested for oil in Califoimia before 
the middle of December, and probably the bulk of the oil olives is 
picked during January. This increase in oil content in the olive during 
December and January, coming after the fruit has attained the expected 
full size of Period 3, results in a growth curve unlike the other drupe 
fruits. Rather than leveling off at the end of Period 3, as do most drupe 
fruits, the Mission olive, at least, showed an additional rise in the 
growth curve due to this accumulation of oil. This difference might be 
expected since the olive is the only one of the commercially-grown 
drupaceous fruits which accumulates oil in the mesocarp and which ad- 
heres to the tree with continuing maturity until the following blooming 
period is almost reached. In winters of abnormally low temperatures, 
however, such as that of 1948-49, the fruits shrivel to such an extent 
that this final increase in size would be obscured. 

Fruits of two of the commercial olive varieties grown in California 
(Sevillano and Ascolano) are characteristically much larger in size 
than the other two commercial varieties (Mission and Manzanillo) . Ac- 
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Fig. 5. Fruit volume of three olive varieties during the 1948 growing season 

at Davis. 


cording to the measurements obtained in 1948, this greater size, at 
least in the Ascolano variety, is attained during the first period of 
growth. 

Summary 

1. Diameter, volume, and oil content measurements of the Manzanillo 
olive were made during the 1946 season from July 1 to December 1 
at 2-week intervals. Diameter, volume, fresh-weight, dry-weight, 
and oil content measurements of the Mission olive were made during 
the 1947-48 season from June 13 to January 12 at 2-week intervals. 
Volume, fresh-weight, and dry-weight measurements were also 
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taken for the Mission, Manzanillo, and Ascolano varieties at 2-week 
intervals from June 29 to November 16 during the 1948 season. 

2. Growth of the olive fruit appears to have the same cyclic behavior 
typical of other fleshy drupaceous fruits when diameter, volume, or 
fresh-weight measurements are used. In these studies an initial 
period of rapid growth was followed by a period of reduced rate of 
growth, which, in turn, was followed by a period of rapid increase 
in growth rate. However, the Mission olive, in the 1947 measure- 
ments, differed from the other drupaceous fruits in that, in addition 
to the three usual growth periods, there was an additional flat period 
followed by another period of accelerated size increase which was 
due to oil accumulation occurring in December and January. 

3. In 1946 and 1947, the third period of growth, in which the fruit in- 
creased markedly in size, occurred during October just before color 
started to develop in the fruit. In 1948, when the blooming period 
was about 2 weeks later than usual, the termination of the third 
growth period occurred during mid-November. This was immedi- 
ately followed by frosts and drying winds which shriveled the fruit 
severely. 
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Form and Composition of Cherry Fruits (Prunus avium 
and P. cerasus) Following Fall Applications of 2,4- 
Dichlorophenoxy acetic Acid and Naphthalene 
Acetic Acid^ 

By H. B. Tukey and C. L. Hamner, Michigan State College, 
East Lansing, Mich, 

G rowth regulating substances have been used to delay the blossom- 
ing of fruit trees (4, 6, 7, 14) . The results reported in the present 
paper describe the responses from a fall application of a mixture of 
2,4~dichlorophenoxyacetic acid and naphthalene acetic acid made to 
trees of sour cherry (Primus cerasus) and sweet cherry (Primus 
avium) for the purpose of delaying bloom against spring frost.^ 

Materials and Methods 

The orchard to which the application was made was planted in 
1928. It is located near Empire, Michigan, 3 miles from the east shore 
of Lake Michigan, and 20 miles -west of Traverse City, in the commer- 
cial cherry producing section of Michigan. The site is a frost pocket 
into which cold air settles, so that until 1947 the orchard had borne 
little or no fruit, in spite of the fact that it is reported to have blos- 
somed heavily for a number of years. The trees are large and vigorous 
except for the lower and inside limbs which are weak as the result of 
close planting and resultant shading. The main planting is of the 
Montmorency variety of sour cherry, with a few trees of the Windsor 
and Schmidt varieties of sweet cherry. 

On October 17, 1946, approximately 500 trees in this orchard were 
sprayed with a mixture of commercial formulations® of naphthalene 
acetic acid at 100 ppm and 2,4-dichlorophenoxyacetic acid at 16 ppm. 
The material was applied with a commercial “speed-sprayer’' in a 
water spray using a total of 5,000 gallons. The trees were well covered 
with spray except for occasional top branches. Half of the orchard w^as 
left untreated. The orchard had been sprayed with 2-3-100 Bordeaux 
mixture prior to harvest and with 3-4— 100 Bordeaux mixture as a 
post-harvest spray, made the last of August. 

The weather was clear and relatively warm for the season of the 
year (60 to 65 degrees F) and continued seasonal until November 5, 
when freezing temperatures and a sleet stonn occurred. Winter tem- 
peratures were normal for the region. Spring was later than usual, 
with no severe frost damage. Trees blossomed heavily and bore fruit. 

Observations were made of leaf fall, blossoming, and tree and fruit 
growth and development. Analyses of fruit from both treated and un- 

^Journal paper number 1090 of the Michigan Agricultural Experiment Station, 
®The authors are indebted to H. D. Hootman, Michigan State College, C.^ H. 
Hemstreet, District Horticultural Agent, Traverse City, and Magness Frederick- 
son, Northport, Michigan, for their cooperation and assistance. 

®^‘Apple-set” and “2,4-Dow” respectively, manufactured by the Dow Chemical 
Company, Midland, Michigan. 
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treated trees were made of total sugars as invert sugars, moisture, 
and titratable acid."* 


Results 
Sour Cherries 

On October 17, 1946, 33 days after the trees were sprayed, the 
leaves on both treated and untreated trees were still green. The older 
leaves on sprayed trees were somewhat folded upward along the mid- 
rib, some of them approaching an angle of 90 degrees with the trans- 
verse axis. 

The younger leaves and those which were less mature, such as those 
inside the trees or in positions which delayed their maturity, showed 
additional response, leaf blades were bent upward, except for the tips, 
which were bent downward. Petioles and leaf blades showed twisting. 
There were suggestions of occasional small necrotic areas on small 
twigs and branches. 

Following freezing temperatures and a sleet storm on November 5, 
the leaves fell from untreated trees, but adhered 3 to S days beyond 
this date on sprayed trees. 

The trees blossomed full in the spring of 1947. Unsprayed trees 
blossomed on June 4. Sprayed trees blossomed full on June 9 to June 
11, or 5 to 7 days later. The unevenness in time of blossoming was 
characteristic of sprayed trees in contrast to the uniformity of un- 
sprayed trees. The blossoms on the most vigorous branches were those 
which were least delayed, and the blossoms on the weakest branches 
were those most delayed. The general effect was striking, in which 
the sprayed portion of the orchai*d was still not in bloom when the 
adjacent rows of unsprayed trees were white with blossoms. 

Examination of the twigs, showed small necrotic areas and brown 
fleckings either in or under the bark. This condition was most severe 
on weak and shaded branches and was entirely absent from strong, 
vigorous branches. There was occasional bud killing on weak wood. 
On both treated and untreated trees the fruit set, although the set 
seemed less heavy on treated than on untreated trees. 

On June 26, just after “shuck"’ (toral tube) fall, it was noticed that 
the fruits on treated trees were markedly elongate and pointed. The 
shucks were persistent and because of their reddish color gave a red- 
dish cast to the treated portion of the orchard seen from a short dis- 
tance. Some of the fruit on the sprayed trees was larger than that on 
unsprayed trees, and some was smaller. The smaller affected fruits 
were longer and more pointed than were the larger ones. Blossoms 
which typically would have dropped, and fruit with abortive seed also 
adhered. 

, Cta, 31, 1947, when the fruit was ripe for commercial harvest, 
^neral characteristics of tree, fruit, and foliage- were similar to 
^se l^reviously noted, but some were more pronounced and some less 

, j’^Acktl^wledgment is made to Dr. E. J. Benne, Department of Agricultural 
ChemistrY, Michigan State College, for the analyses and calculations. 
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SO. For example, the shaded and weaker portions of the treated trees 
now showed considerable injury. Browning was noticeable in the pith 
and xylem of spurs. Some branches were entirely dead, not unlike the 
results from winter injury or from injury by an oil spray. In contrast, 
vigorous portions of treated trees showed no such injury. 

In color, the fruit on sprayed trees was light red, perhaps due to the 
delayed bloom and consequent later date of maturity associated with a 
fewer number of days from full bloom (11). In addition, however, 
sorne fruits were amber-color and translucent. The pointedness of the 
fruit on sprayed trees was by this time less marked due to the fact that 
the fruit of the Montmorency variety typically changes from elongate 
to rounded oblate at maturity (10). The stony pericarp was now ob- 
served to be elongate and sharply pointed and the receptacle was much 
enlarged. 

The vascular system within the fruit was strongly developed, so that 
the fruit seemed firmer. In many instances the vascular system ap- 
peared as a light-colored mesh network from which the soft portions 
of the flesh of the fruit could be easily separated, leaving the network 
intact. In severe cases, the bundles were dark brown and discolored, 
and the flesh nearest the pit was greenish or brownish and strongly 
adherent to it. 

The strong development of the vascular system extended also into 
the pedicel of the fruit so that it was held tenaciously to the tree. In 
many cases it was not possible to harvest the fruit by stripping it from 
the tree without the stems, because the pit and vascular system were so 
firmly attached that the soft flesh would tear away, leaving the pit and 
stem on the tree. 

The fruits from treated trees seemed more meaty and sweeter. 
Refractometer® readings showed an average of 19.65 per cent total 
solids for fruit from treated trees as compared to 16.5 per cent from 
untreated trees (Table I). Chemical analyses of the fruit revealed 


TABLE I — ^Refractometer Readings of Montmorency Cherry Fruits 
From Trees Sprayed With NAA and 2,4-D the Previous Fall 


Treated 

Refractive 

Index 

Soluble Solids 
(Per Cent) 

Sprayed . 

1,3629 

19.65 

Sprayed (light colored fruit) i 

1.3576 

16.5 

Untreated 

1.3577 

17.25 


higher moisture content, higher acidity, and lower sugar content for 
the fruit from treated trees, suggesting that the higher total solids may 
have been associated with stronger vascular development as discussed 
above. 

On September 4, 1947, many dry blossoms and partially developed 
fruit were still adherent to trees which had been treated. Observations 
were also made at this time on fruits which had not been harvested and 

“Acknowledgment is made to W. F. Robertson, Michigan State College, for 
the readings. 
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which were still hanging on the trees. The fruits on sprayed trees were 
amber red, watery, stringy, and without sweetness or flavor. In con- 
trast, fruits on unsprayed trees were dark red, sweet and well-flavored. 
Chemical analyses agree with these observations, showing higher sugar 
content and lower moisture content for the fruits from unsprayed trees 
(Tables I and II). / 


TABLE II~-Analysis'of Montmorency Cherry Fruits From Trees 
Sprayed With NAA and 2,4-D the Previous Fall (Dry Weights) 


Treatment 

Pits Plus Seed* 
(Per Cent) 

Moisturef 
(Per Cent) 

Total Sugar as 
Invert Sugarf 
(Per Cent) 

Titratable Acid 
As Ml O.IN 
Acid/Gmt 



At Time of Commercial Harvest- 

-July 31 


Sprayed 
Unsprayed . , 


1 9.07 1 

1 8.52 1 

I 82.70 1 

1 81.34 i 

( 10.48 1 

1 12 17 1 

1 2 14 

1 2.01 


Fruits Remaining 33 Days After Commercial Harvest — September 4 

Sprayed 
Unsprayed . 

. ■ 1 

12.10 1 

11.17 1 

91.22 1 

85.78 1 

1 4.52 

1 7.02 

1 1.12 

1 1.48 


♦Values based on weight of entire fruit. 
fValues based on weight of fleshy pericarp. 


Sweet Cherries 

The effect of the fall application of naphthalene acetic acid and 2,4~ 
dichlorophenoxyacetic acid to Windsor and Schmidt cherries was in 
general similar to the effect on the Montmorency sour cherry as de- 
scribed in the preceding paragraph. However, they were in general of 
greater intensity. Further, the effect was greater on the Schmidt 
variety than on the Windsor. The folding of leaves, the curvatures of 
leaves and petioles, the delay in blossoming, the injury to buds, and 
twigs, the persistence of schucks (toral tube), flowers and fruits with 
abortive embryos, and the elongation and pointedness of both pits and 
fruits were characteristic. 

The elongate shape and the points or tips on both fruit and pit were 
much more pronounced on the sweet cherry than on the sour cherry 
(Fig. 1). This characteristic shape was most evident in the early 
development of the fruit and was less noticeable as the fruits increased 
in transverse diameter. Pits were over twice as long as wide. 

The receptacle also was more affected than with the sour cherry, in 
some cases becoming twice as wide as is typical, thick and fleshy, and 
remaining green until fruit harvest. 

The vascular system was strongly developed, often appearing as 
brownish streaks through the flesh of the fruit. The flesh nearest the 
pit was often a hard, green or brown mass of tissue which adhered 
tenaciously to the pit. This condition, in addition to a strong vascular 
development into the pedicel, made it almost impossible to separate 
the stem from the fruit. If the fruit was held in one hand and the basal 
end of the pedicel in another, the pedicel would break before sepa- 
rating from the fruit. In the most severe cases, the fruits were tough, 
fibrous, and insipid. 
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Fig. 1. Effect of a fall application of naphthalene acetic acid and 2,4-dichloro- 
phenoxyacetic acid on the shape of cherry fruits, showing oval shape and 
small tip development on Montmorency sour cherries (above) and marked 
elongation and pronounced tip on Schmidt sweet cherries (below). 


Discussion 

The delay in blossoming of cherry trees from the fall applications of 
growth regulating substances reported in this paper have seemed 
associated with injury to the plant. Zimmerman and Hitchcock (4) 
report killing of some flower buds of sour cherry following summer 
and early fall applications which delayed spring blossoming from 14 
to 19 days. Mitchell and Cullinan (7) also noted injury to peach buds 
following spring treatments with growth regulators whereby leaf buds 
but not flower buds were retarded. Marth, Havis, and Batjer (6) 
observed dead buds following late summer, fall and mid-winter appli- 
cations of growth regulators to peach trees in which blossoming was 
delayed 2 days. They also observed a retarding effect from fall re- 
moval of entire leaves and portions of leaves. The results reported in 
the present paper show a definite association between the severity of 
injury and the degree of retardation of blossoming. Further, the weak- 
est blossom buds and the buds on weakest wood were the buds most 
retarded, while the vigorous buds on strong wood were least affected. 

Although the blossoming of cherries was delayed by fall application 
of growth regulating substances, perhaps the more significant effects 
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were those on leaves, twigs, flowers and developing fruit. Many at- 
tempts have been made to prevent preharvest dropping of peaches and 
other stone fruits by spraying during the same season the fruit is 
developing, but with little or no success. The fact that application made 
the fall of the preceding season had such a mai*ked effect on not only 
abscission but also on firmness and composition, suggests further 
study and refinement of the method. Further, while most of the effects 
that have been observed are not of a nature that enhance the value of 
the fruit or that are valuable in fruit production, there are some phases 
that should be explored. Among these are the stronger adherence of 
the pedicel to the fruit, alteration in chemical composition of fruit, 
reduction of early-season drop of fruit, and alteration of the time of 
harvest. 

It is of interest that both the sweet and sour cherry are relatively 
less responsive to applications of growth regulators during spring and 
summer than are the apple and the pear (1, 3, 5, 8, 9). Unpublished 
data (12) show that vigorous young Montmorency cherry trees may 
be sprayed in spring and mid-summer with several growth regulators 
at relatively high concentrations with little effect upon the growth or 
subsequent development of the plant or its parts. Yet applications made 
in late summer and fall, as reported in this paper, produce profound 
effects. The facts suggest that there are critical or sensitive points in 
the growth of a plant so far as effects of growth regulators are con- 
cerned ; and that in the case of the cherry, applications made in fall 
may have a striking affect upon carpel development which is reflected 
in the development of the fruit during the following season. The 
studies by Watson (13) on modifications of bean leaves as a result of 
treatment with 2,4~D, are interesting in this connection, they show a 
delayed expression of the effect of a growth regulator, associated with 
the stage of development of a leaf at the time the treatment is made. 
The possibilities are suggested of studies of the effect of growth regu- 
lators in fruit bud development, on form of fruit, on the development 
of the flesh, on cling and non-ding characters, on embryo development 
and on the development of one plant part in relation to another. 

Summary 

^ An application of a mixture of naphthalene acetic acid and 2.4- 
dichlorophenoxyacetic acid made to sweet and sour cherry trees on 
October 17, resulted in : 

1. Characteristic curvatures of foliage and delayed abscission the 
same season. 

2. Injury to twigs, buds and spurs. 

3. Delayed blossoming the following spring. 

4. Persistence of the “shucks” (total tube) and delayed abscissions 
of abortive flowers and abortive fruits. 

5. Elongate fruit with pointed apices. 

6. Enlarged receptacle. 

7. Strong vascular development within both the fruit and the 
pedicel. 



TUKEY AND HAMNER: CHERRY FRUITS 


101 


8. Strong adherence of the pedicel to the fruit. 

9. Adherence of the flesh to the pit and immaturity of the flesh near 
the pit. 

10. Lighter color of fruit and delay in maturity. 

11. Change in chemical composition of fruit, notably increase in 
moisture content and titratable acidity and reduction in sugar content. 

Whether the responses were the result of naphthalene acetic acid 
or 2,4“dichlorophenoxyacetic acid alone or in combination, or both, is 
not known. 
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Controlled Growth of Fig Fruits by Synthetic 
Hormone Application 

By Julian C. Crane, University oj California, Davis, Calif., and 
Rene Blondeau, Shell Oil Company, Inc., Modesto, Calif. 

T he external application of synthetic growth regulating substances 
to plants has been demonstrated to induce diverse growth and dif- 
ferentiation effects. Among the most noteworthy effects are the delay 
of abscission in prevention of preharvest drop of fruit, the production 
of fruits without pollination, bud inhibition of plant materials in stor- 
age, the selective killing of weeds, and root production on cuttings of 
species which ordinarily are slow or sparce root producers. Of partic- 
ular interest here, however, are the effects of growth regulating sub- 
stances on the rate of maturation of various kinds of fruit before re- 
moval from the plant. 

While applications of plant growth regulators have resulted in 
several instances in somewhat earlier fruit maturation, no marked 
changes in the developmental pattern of the fruit, of the magnitude 
reported here, have taken place. Allen and Davey (1) observed that 
preharvest ''hormone’’ sprays applied to Bartlett pears resulted in a 
more rapid softening and the fruit "was therefore more advanced in 
maturity when harvested” than unsprayed control fruit. Gerhardt and 
Allmendinger (7) found that when Delicious apples and Bartlett pears 
treated with a "hormone” spray were permitted to hang on the trees 
much beyond the optimum harvest season, post-maturation processes 
occurred more rapidly than in comparable lots of unsprayed fruit. 
Christopher and Pieniazek (4) reported that attached McIntosh 
apples which had received preharvest "hormone” sprays exhibited 
better red color development than did the unsprayed fruit. Batjer and 
Thompson (2) found that 2,400 ppm of naphthaleneacetic acid ap- 
plied to foliage of McIntosh fruiting spurs resulted in 69 per cent ripe 
fruit at time of harvest, whereas only 2 per cent of the fruits were ripe 
on adjacent unsprayed spurs. Mitchell and Marth (12) I'eportcd that 
tomatoes produced with the aid of growth regulating subslanccvs often 
developed faster and matured from 4 to 10 days earlier than did pol- 
linated fruit. This earlier maturation effect was usually confined to the 
first and sometimes the second clusters on the vine. 

As a continuation of investigations initiated in 1947 to determine 
the possibility of promoting parthenocarpic fruit development in the 
Caltmyrna fig by the use of growth regulators (5), several additional 
compounds were tested during the season of 1948, among which were 
2,4,5-trichlorophenoxyacetic acid (hereafter referred to as 2,4,5-T) 
and its isopropyl ester. As previously reported (3), the application of 
these materials to unpollinated but pollen-receptive syconia resulted in 
a phenomenal hastening of fruit development, the details of which will 
be discussed here. 

Materials and Methods 

Since this investigation was conducted in a commercial orchard near 
Merced, California and provisions by the owner had been made for 
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pollination, it was necessary, in an attempt to induce parthenocarpic 
fruit, to prevent cross-pollination with the male or caprifig. In order 
to^ accomplish this, all branches bearing fruit that were to be sprayed 
with growth regulators were covered with Avhite muslin bags on June 
24 to exclude the pollen-carrying fig wasp, Blastophaga psenes L, 
Caprifigs to supply pollen for the control fruit, as well as the remainder 
of the orchard, were suspended in the Calimyrna trees at 3- to 4-day 
intervals during the period from June 25 to July 5. When the branches 
were treated on July 1, the muslin bags were removed and the spray 
application quickly made. The bags were replaced and left until July 
12, when the caprifigs had become dry and devoid of wasps. 

It should be pointed out here that enlargement of the Calimyrna fig 
takes place until it is about 30 mm in diameter wdien, if not cross- 
pollinated, it loses its green color and abscisses. Most of the figs in a 
given orchard in a particular locality are receptive to pollination within 
a 2 to 3 weeks' period and caprifigs to supply pollen are placed in the 
trees at periodic intervals throughout this time. Figs at the proximal 
ends of the new shoots are receptive first followed in turn by figs at 
the median and distal portions. 

A water solution of 2,4, S-T and an oil emulsion containing the 
isopropyl ester of 2,4, S-T were applied with a small hand spray gun. 
These materials in concentrations of 10, 25, 50, 75, and 100 ppm were 
sprayed thoroughly on the fruits, foliage, and shoots. Five replicate 
branches for each concentration of spray material were treated. 

At the time of spray application each branch bore at least five figs, 
the fruits located at the proximal ends of the current season’s shoots 
having been macroscopically evident for approximately 45 days. Fruits 
born on the median and distal portions of the shoots w^ere progres- 
sively younger and smaller in size. 

Cross-diameter measurements with a vernier caliper were made of 
both caprified (pollinated) control and sprayed (parthenocarpic) figs 
at approximately weekly intervals from the time the fruits were about 
5.0 mm in diameter until maturity. Figs on 10 control branches on each 
of 10 trees were measured, wdiereas measurements were made of 
fruits on five replicated branches for each concentration of the two 
growth regulators used. 

Results and Discussion 

The curve of growth, A in Fig. 1, show^s that unpollinated Calimyrna 
fig syconia sprayed with 25 ppm of 2,4, 5-T on June 30 were mature 
15 days later on July 15. Figs which received the spray application 
grew at an average rate of 1.25 mm per day during the ensuing 15-day 
period as compared with the control fruits, represented by line C in 
Fig. 1, which grew at an average rate of only 0.23 mm per day. As a 
result of this rapid rate of increase in size, the length of the growing 
period was shortened to approximately 60 days instead of the average 
120-day period necessary for normal fruit development to maturity. 
The fruits thus formed were comparable in size and color to pollinated 
fruits that matured on September 9. Although completely devoid of 
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Fig. 1. Curves of growth, as measured by diameter, of unpollinated (A) and 
pollinated (B) Calimyrna fig fruits sprayed with 25 ppm of 2,4,5~tri- 
chlorophenoxyacetic acid as compared to pollinated but unsprayed control 
fruits (C). Curves represent the average diameters of the four proximal- 
most figs on current season's growth. 

achenes (‘‘seeds’’), the chemically-induced parthenocarpic fruits were 
well-filled with pulp and were quite palatable. 

As far as rate of fruit growth and ultimate size attained were con- 
cerned, results very similar to the above were obtained with the other 
concentrations of 2,4, 5-T employed. For example, 15 days after the 
sprays were applied at 10, 25, 50, 75, and 100 ppm they had induced, 
respectively, 56, 64, 69, 72, and 65 per cent mature fruits of ap- 
proximately normal size. Even the smallest distal-most figs on the 
shoots, although they did not reach normal size, were yellow in color 
and possessed a texture like that of mature fruits. Comparable results 
were obtained with identical concentrations of the isopropyl ester of 
2,4, 5-T. 

A concentration of 10 ppm of 2,4,5--T or the ester resulted in a 
moderate to severe leaf chlorosis which persisted throughout the 
season. The higher concentrations produced increasingly severe in- 
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jury, and death of the sprayed branches occurred at the 75- and 100- 
ppm levels about 1 month after treatment. It is believed that the in- 
jurious effect of the spray was accentuated due to the fact that the 
branches were covered with muslin bags for about 3 weeks. In some 
instances, unbagged branches adjacent to those sprayed received small 
quantities of spray as drift, and, although the fruit matured similarly 
to those in the experiment, there was little or no leaf injury, even with 
spray concentrations of 100 ppm. Apparently there was an insuf- 
ficient quantity of the spray deposited on the leaves to cause injury 
but enough applied to the fruit to stimulate development. 

The significance of this radically accelerated parthenocarpic fruit 
development was recognized and the question logically arose as to what 
might be the response of normally pollinated Calimyrna figs to spray 
applications of 2,4,5-T. This material, in water solutions of 25 and 50 
ppm, was sprayed therefore on the fruits and foliage of five branches 
for each concentration. 

The curve of growth, B in Fig. 1, represents the diameter increase 
of pollinated fruits that were sprayed on July 29. Here, again, fruit 
growth was greatly accelerated so that maturity was attained 13 days 
after the spray was applied or 29 days before the maturity of pollinated 
but unsprayed conti'ol fruit. For the 13-day period following the spray 
application, fruits so treated increased in diameter at an average rate 
of 1.27 mm per day as compared to 0.07 mm per day for the control 
fruits. Mature figs obtained in this manner possessed external and in- 
ternal characteristics similar to mature control fruits with the exception 
that the achenes were not so fully sclerified. Moderate to severe leaf 
chlorosis, and in some cases death, occurred about one month after 
spray application. 

Similar results to those obtained with unpollinated and pollinated 
Calimyrna figs were realized with fruits of the Mission variety sprayed 
with 20 ppm of 2,4,5-T on August 17 at Winters, California. This 
variety normally develops its fruits parthenocarpically and, although 
the figs contain numerous achenes, the latter do not have embryos. 
The curve of growth, A in Fig. 2, shows that rate of growth was 
stimulated by the spray application to such an extent as to bring about 
maturity 17 days in advance of unsprayed control fruits. Here, like- 
wise, the empty achenes were not sclerified to the extent as were 
achenes in the control fruits. 

The degree of leaf injury accompanying the spray application in 
this case was not consistent. Leaves on some of the shoots were severe- 
ly chlorotic while on others there seemed to be no apparent damage 
in spite of the fact that fruits on these shoots matured as rapidly as did 
fruits on shoots where injury occurred. Observations made with regard 
to leaf injury as a result of spray application on both the Calimyrna 
and Mission varieties seemed to indicate that the later in the season 
the spray was applied the less was the resultant leaf injury. 

Referring to Fig. 1, it is noted that the ultimate fruit size attained 
increased progressively the later in the season maturity took place. 
Assuming the seasonal fluctuation of carbohydrates in the fig tree 
follows a pattern similar to that which has been reported for the apple 
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Fig. 2. Curves of growth hi diameter of Mission figs sprayed with 20 ppm of 
2,4,5-trichlorophenoxyacetic acid on August 17. Sprayed fruits (A) and 
unsprayed control fruits (B). 


(9) where the carbohydrate content increases from May to Sep- 
tember, the relationship between ultimate fruit size and time of matur- 
ity may be explained on this basis. Since shoot growth of the fig con- 
tinues until about July 1, those figs which matured on July 15 were 
competing with shoot and leaf growth for carbohydrates, a factor 
which undoubtedly accounted for their smaller size. As the carbo- 
hydrate supply was gradually increased by the assimilatory activity 
of the leaves, fruits that matured on August 1 1 and September 9 were 
progressively larger at maturity. No explanation can be offered as to 
why Mission fig fruits that matured on September 10 as a revSult of a 
2,4, 5-T spray application were larger than control fruits that matured 
on September 27 (see Fig. 2). 

Figs. 1 and 2 show that growth of the fig fruit, as measured by 
diameter increase, takes place in three distinct periods. This double 
sigmoid type of growth curve, which is typical also of most drupace- 
ous fruits, has been the subject of speculation by various investigators, 
particularly in regard to the cause for the occurrence of the period of 
retarded rate of size increase. In a previous article (6) data were pre- 
sented which indicated that cyclic growth of the fig fruit was controlled 
by variation in supply or activity of a hormone produced within the 
fruit itself. Data accompanying the present paper substantiate this 
hypothesis. In fact, together with the work of van Overbeek (15), 
the mechanism of flower formation and fruit development would ap- 
pear to be directly controlled by hormones. 

Auxin has been shown by Gustafson (8) to control the growth of 
the carpels, while van Overbeek et al (16) reported ovule development 
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to be dependent upon hormone supply. Although diverse growth effects 
may result from applications of various synthetic hormones to living 
tissues, the fundamental role of these substances remains to be dem- 
onstrated. The rapid rate of fruit development reported here, as 
brought about by applications of 2,4,5-T, might be based upon one of 
several plant responses which auxins have been demonstrated to in- 
duce. Although Mitchell et al (11), working with bean plants, found 
that various growth regulating substances induced an acceleration in 
the rate of starch hydrolysis, a chemical change that takes place in the 
ripening of certain kinds of fruits, this was not the case with the 
Calimyrna fig since iodine tests at intervals throughout the growing 
period indicated no starchy reserve present. On the other hand, as 
demonstrated by van Overbeek (17), tissues contain considerable 
amounts of inactive auxin precursor which can be quickly made avail- 
able as active auxin. It is possible that the application of 2,4,S-T to 
fig syconia activated the inactive auxin precursor which, in turn, was 
responsible for the accelerated rate of fruit development. However, 
since 2,4,5--T itself is an auxin, it is more probable that this material 
caused an increase in the rate at which food materials were mobilized 
into the fruit from other parts of the tree as has been shown by other 
investigators working with bean plants (10, 13, 14). On July 12, 
or 12 days after the application of 2,4,S-T, the sprayed fruits con- 
tained 67 per cent total sugars on a moisture free basis as compared 
to unsprayed fruit which contained 27 per cent total sugars. Three days 
later, or on July IS, when the fruits were judged as mature, treated 
fruits contained 87 per cent total sugars whereas the unsprayed con- 
trol fruits contained 29 per cent sugars on a moisture free basis. Since 
a simultaneous investigation with indolebutyric acid showed that this 
material had to contact the fruit before parthenocarpic development 
occurred, probably the seat of activity of 2,4,5-T was also in the fruit. 
Apparently the application of 2,4,5-T raised the auxin level to a point 
high enough to cause a rapid mobilization of stored food reserves. In 
the unsprayed control fruits, under the influence of the normal hor- 
mone level, mobilization of food materials occurred much more 
slowly over a period of about 2 months during which the rate of fruit 
diameter increase was very slow. 

Summary 

Spray applications at concentrations of 10, 25, 50, 75, and 100 ppm 
of 2,4,5-T or its isopropyl ester to unpollinated but pollen-receptive 
syconia of the Calimyrna fig induced parthenocarpic development and 
maturity about two weeks after treatment. Thus, the length of the 
fruit growth period was shortened to 60 days instead of the usual 120- 
day period necessary for normal fruit development to maturity. The 
fruits thus formed were comparable in size and color to mature, pol- 
linated fruits and, although completely devoid of achenes (‘^seeds''), 
they contained a normal amount of sugar, were well-filled with pulp 
anct quite palatable. 

Applications of 2,4,5-T to pollinated Calimyrna figs as well as par- 
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thenocarpic fruits of the Mission variety, likewise, greatly accelerated 
the rate of fruit development. 

Moderate to severe leaf chlorosis accompanied the use of these 
materials at concentrations of 10 ppm. The higher concentrations pro- 
duced increasingly severe injury, and death of the sprayed branches oc- 
curred at 75- and 100-ppm levels about 1 month after treatment. 

Data presented substantiate the hypothesis in a previous paper that 
cyclic growth of the fig fruit is controlled by variation in supply or 
activity of a hormone produced within the fruit itself. 


Literature Cited 

1. Allen, F. W., and Davey, A. E. Hormone sprays and their effect upon 

the keeping quality of Bartlett pears. Calif. Agr. Exp, Sfa, Bui 692. 
194S. 

2. Batjer, L. P., and Thompson, A. H. The transmission of effect of naph- 

thaleneacetic acid on apple drop as determined by localized applications. 
Proc. Amer. Soc. Hort. ScL 51 : 77-80. 1948. 

3. Blondeau, Rene, and Crane, Julian C. Early maturation of Calimyrna 

fig fruits by means of synthetic hormone sprays. Science 108 : 719-720. 
1948. 

4. Christopher, E. P., and Pieniazek, S. A. A further evaluation of hor- 

more sprays. Proc, Amer, Soc, Hort, Sci. 43:51-52. 1943. 

5. Crane, Julian C., and Blondeau, Ren^:. The use of growth-regulating 

chemicals to induce parthenocarpic fruit in the Calimyrna fig. Plant Phys. 
24 (1): 44-54. 1949, 

6. Crane, Julian C. Fruit growth of four fig varieties as measured by diam- 

eter and fresh weight. Proc, Amer. Soc. Hort. Sci. 52:237-244. 1948. 

7. Gerhardt, F. G., and Allmendinger, D. F. Influence of a-naphthalene- 

acetic acid on maturity and storage physiology of apples, pears, and sweet 
cherries. Jour. Agr. Res, 73 (5) ; 189-206. 1946. 

8. Gustafson, F. G. Inducement of fruit development by growth-promoting 

chemicals. Proc. Natl Acad. Sci. 22:628-636. 1936. 

9. Hooker, H. D. Seasonal changes in the chemical composition of apple spurs. 

Mo, Agr, Exp. Sta. Res, Bui. 40. 1920. 

10. Kraus, E. J., and Mitchell, J. W. Histological and physiological re- 

sponses of bean plants to alpha naphthalene acetamide. Bol Gas, 101 : 
204-225. 1937. 

11. Mitchell, J. W., Kraus, E. J., and Whitehead, Muriel R. Starch hydrol- 

ysis in bean leaves following spraying with alpha naphthaleneacetic acid 
emulsion. Bot. Gas. 102:97-104. 1940. 

12. Mitchell, J. W., and Martpi, P. C. Growth Regulators for Garden, Field, 

and Orchard. Univ. of Chicago Press. Chicago, 111. 1947, 

13. Mitchell, J. W., and Martin, W, E. Effect of indoleacetic acid on growth 

and chemical composition of etiolated bean plants. Bot. Gas, 99 : 171-173. 
1937. 

14. Mitchell, J. W., and Stewart, W. S. Comparison of growth responses 

induced in plants by naphthalene acetamide and naphthalene acetic acid. 
Boi. Gas. 101 : 410-427. 1939. 

15. van Overbeek, j. Control of flower formation and fruit size in the pine- 

apple, Bot Gas, 10^:64-73. 1946. 

15 . ^ Conklin, M. E., and Blakeslee, A. F. Chemical stimu- 

lation of ovule development and its possible relation to parthenogenesis, 
Amer. Jour. Bot, 2^:647^36. 1941. 

17 . A quantitative study of auxin and its precursor in cole- 

optiles. Amer. Jour. Bot 28: 1-10. 1941. 



Effects of 2,4-Dichlorophenoxyacetic Acid and 2,4,5- 
Trichlorophenoxyacetic Acid on Citrus Fruit Storage^ 

By Wm. S. Stewart, University of California Citrus Experiment 
Station, Riverside, Calif, 

I N January, 1947, a study was initiated to determine the effects of 2,4- 
dichlorophenoxyacetic acid (2,4-D) and of 2,4,S-trichlorophen- 
oxyacetic acid (2,4,5-T) preharvest-drop sprays (9,10) on citrus 
fruit storage. This was a cooperative project between the Research 
Department of the California Fruit Growers Exchange, Ontario, and 
the Division of Plant Physiology of the University of California Citrus 
Experiment Station, Riverside. 

Citrus storage may be considered as the interval between fruit 
harvest and delivery to the consumer. For oranges this interval may 
be, at the most, 8 to 9 weeks. This allows 1 week for cleaning, grading, 
wrapping, and packing, 4 weeks’ storage at a temperature of 35 de- 
grees F for precooling, 2 weeks at 45 degrees F for refrigerated box- 
car transit, 1 week in unopened boxes at room temperature, and 1 
week for the display of unwrapped fruit on a rack at room temperature. 
A test conducted according to the procedure outlined above is re- 
ferred to as a “commercial storage test”. 

Under certain market conditions, grapefruit has been stored for 
more than a month before packing, but the storage of this fruit is 
generally similar to that of oranges. In contrast, lemons may be 
harvested while still green in color, and stored for as long as 5 to 6 
months. Commercially, lemons are usually stored at temperatures of 
58 to 60 degrees F, and at 85 to 88 per cent relative humidity. Be- 
cause of the long storage period, the emphasis of these studies has 
been on lemons. 

The storage tests reported here were made on citrus fruit from 
groves in southern California, and were of two general classes: (a) 
storage of fruit from trees sprayed with 2,^D or 2,4,5-T before 
harvest for control of preharvest drop; and (b) storage of fruit 
treated with 2,4-D after harvest. In all experiments the 2,4-D or 
2,4,5-T was used as formulated in weed-killing preparations. 


^Paper No. 602, University of California Citrus Experiment Station, River- 
side, California. 

Appreciation is expressed to the Sherwin-Williams Company for supplying 
lanolin emulsion containing butyl ester of 2,4-D, and for butyl ester formulations 
of 2,4-D and 2,4,5-T used in the experiments reported here. 

Mr. R. D. Nedvidek and Mr. J. L. Baker, of the California Fruit Growers 
Exchange Research Department, conducted the tests at Ontario, California, 
where fruit-storage facilities are available. They, together with the writer, in- 
spected the fruit and interpreted storage results (1,2,8). They also aided in 
selecting the type of groves to be treated and the quality of fruit necessary for 
the tests. This project was initiated and directed by the writer, who established 
the field plots. 
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Treatment of Fruit With 2,4-D and 2,4, S~T Sprays 
Before Harvest 

Lemons : — Lemons are the only citi’us fruits that are held in storage 
for a prolonged period. Commercially, the length of the storage period 
depends upon the color grade of the fruit (“yellow”, “silver”, “light 
green”, “green”, and so on), and the greener the fruit, the longer the 
storage time before decay and breakdown. In storage, the citrus fruit 
may develop what is known as “black button” (Fig. 1), the “button” 



Fig. 1. Storage lemons. Left, healthy fruit showing green button and no 
decay; right, diseased fruit showing black button and Alternaria decay. 


referring to the calyx. At harvest time this “button” is usually green, 
but during storage it may turn black. This condition indicates that 
internal Alternaria decay will soon occur, if it is not already present 
(S) . 

The first lot of the 1948 crop of lemons was from a Latin-square- 
designed plot in a grove near Corona, California. Four treatments, in- 
cluding the control, were applied on 40 trees each. The trees were 
vigorous, and the fruit was of good quality. Drenching water .sprays 
containing 8 ppm 2,4-D or 2,4,S-T were applied on April 8, 1948. 
The 2,4-D was applied as the triethanolamine salt and as the isopropyl 
ester. The 2,4, 5-T was applied as the butyl ester. The first pick sub- 
sequent to spraying was on May 7, 1948; the second was on June 16, 
1948. 

The fruit was stored up to 162 days at 58 to 60 degrees F and 88 
per cent relative humidity. After storage, a greater proportion of green 
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buttons and a smaller proportion of black buttons and of internal 
Alternaria decay were found in the fruit of all color grades from trees 
sprayed with either 2,4-D ester or 2,4, 5-T than in the fruit from non- 
sprayed trees. Usually, there was also less external decay in fruit from 
the sprayed trees. The data (Table I) show that in most cases the 
isopropyl ester of 2,4-D was more effective than the triethanolamine 
salt in inducing these responses. The butyl ester of 2,4,5-T, however, 
was four to five times as effective as the isopropyl ester of 2,4— D in 
reducing black buttons on 'dight-green”, “green”, and “dark-green” 
lemons ; it was not quite this effective on “yellow” and “silver” lemons, 
although here, also, it was more effective than 2,4--D. 


TABLE I — Effect of Preharvest Sprays of 2,4-D and 2,4,5-T on 
Development of Black Buttons, External Decay, and Internal 
Alternaria Decay of Eureka Lemons in Storage 


Date of Harvest and 

Preharvest 
Spray Treat- 
ment of Trees 
(April 8. 1948)* 

Num- 

ber 

Fruits 

Stored 

Storage 

Percentage of Pmi 

its Showing 

Color Grade of Lemons 
at Beginning of Storage 

Period 

(Days) 

Black 

Buttons 

Ex- 

ternal 

Decay 

Internal 

Altemana 

Decay 

May 7, 1948 (first pick): 
Yellow . 

None (control) 

512 

115 

57.0 

2.15 

5.47 


2,4-D (T) 

540 

115 

30.9 

1.48 

1.11 


2,4-D (I) 

232 

115 

31.3 

0 43 

0.00 


2,4.5-T (B) 

573 

115 

22.3 

0.70 

1.22 

Light green 

None (control) 

902t 

162 

87.91 

3 85 

1.23 


2,4-D (T) 

814 

162 

35.13 

7.62 

4.05 


2.4-D (I) 

910 

162 

24.29 

2.20 

2.75 


2,4.5-T (B) 

1.213 

162 

7.75 

1.65 

0.82 

Green . . . ... 

None (control) 

1,102 

162 

41.65 

12.25 

5.35 


2,4-D (T) 

606 

162 

26.40 

1.65 

1.81 


2.4-D (I) 
2,4,5-T (B) 

685 

162 

23.36 

1.46 

1.17 


975 

162 

4.51 

0 72 

0,41 

June 10, 1948 (second pick) : 
Silver .... 

None (control) 

120 

120 

61.67 

13.33 

6.67 


2,4-D (T) 

86 

120 

50.00 

16.28 

4.65 


2.4-D (I) 

124 

120 

45.97 

1.63 

5.65 


2,4,5-T (B) 

146 I 

120 

29.45 

2.72 

4.11 

Light green 

None (control) 

820 

120 

49.39 

3.66 

4.63 

2,4-D (T) 

570 

120 

50.00 

4.91 

4.39 


2,4-D (I) 

628 

120 

35.51 

2 23 

2.07 


2,4,5-T (B) 

388 

120 

14.69 

3.87 

129 

Green 

None (control) 

756 

120 

49.21 

2 38 

2.65 


2.4-D (T) 

639 

120 

28.79 

1.41 

1.25 


2.4-D (I) 

797 

120 

28.36 

0 63 

0.63 


2.4, 5-T (B) 

753 

120 

8.63 

1.33 

0.13 

Dark green 

None (control) 

669 

120 

23.92 

0 30 

1,05 

2.4-D (T) 

600 

120 

17.00 

0 00 

0.67 


2,4-D (I) 

460 

120 

18.48 

0.00 

0.65 


2,4,5-T (B) 

654 

120 

2.60 

0.92 

0.00 


*2,4-D (T) = 8 ppm 2,4-D water spray as the triethanolamine salt; 2,4-D (I) = 8 ppm 2,4-D as 
the isopropyl ester; 2,4,5-T (B) = 8 ppm 2.4.5-T as the butyl ester. . . 

t After 115 days’ storage, 51.3 per cent of this lot of fruit had black buttons, and 1.88 per cent 
showed external decay. More than 30 per cent of the black-button fruit, when cut, showed indica- 
tions of the presence of Alternaria, which probably would have developed into decay within 2 
weeks. These fruits were discarded after cutting and are not included in the value given for Alter- 
naria decay. 

Six other lots of 1947 fruit from trees sprayed with _2,4-D were 
late sumiuer lemons, and all but one lot were of exceptionally poor 
quality. For this reason, and because of the small number of fruits 
in each sample, the results were not so consistent as the data pre- 
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sented in Table I, It appeared, however, that the "'green'' lemons from 
trees sprayed with 8 ppm (or less) 2,4-D in August, September, or 
October had an increased resistance to black button and to Alternaria 
decay. Results similar to those in Table I were also obtained wdth 
"yellow", "silver", or "green" lemons of good quality from trees 
sprayed with 2,4~D added to oil-water emulsions used for pest control. 
In this instance the oil-emulsion spray consisted of 2 per cent medium, 
soluble spray oil to which the isopropyl ester of 2,4— D had been added 
at the rate of 4 ppm acid equivalent, on the basis of the final volume 
of the prepared spray emulsion. 

Combination of all the results available for the various color grades 
of fruit in this study of the effects of preharvest sprays on lemon 
storage yields 61 comparisons between samples of treated and non- 
treated fruit. In SO cases the treated fruit had a lower percentage of 
black buttons than the nontreated, and in 4 there were no differences. 
In 41 cases there was less external decay in the treated fruit, and in 4 
there were no differences. In general, lemons from trees sprayed with 
2,4~D or 2,4, 5-T had an increased storage life in comparison with 
fruit from nonsprayed trees, because of a reduction in black buttons 
and external decay. 

Tests of juice availability did not show any appreciable differences 
between treated and nontreated lemons. Compared with nonsprayed 
fruit, the sprayed fruit, especially that sprayed with 2,4, 5-T, had an 
increased storage life without loss of available juice. 

Although adequate data are not yet available, there is some indi- 
cation that a reduction in black buttons may be obtained on lemons 
harvested any time within 5 to 6 months after 2,4~D spraying. 

Oranges : — On January 10, 1947, an experimental plot was es- 
tablished in a Washington Naval orange grove near Highgrove, 
California. A drenching water spray containing 25 ppm 2,4-D was 
applied to some of the trees; others were left nonsprayed. By harvest 
time, April 21, 1947, fruit drop had been reduced 60 per cent as a 
result of the spray, and fruit samples were selected at random from 
the sprayed and nonsprayed trees for a commercial storage test, omit- 
ting the usual^ fungicidal borax wash. From these sam])lcs, sound 
fruit free of visible defects and having green buttons were selected 
for wrapping and packing in shipping boxes upon which covers were 
then nailed as for actual shipment. The two packed boxes contained 
fruit of the same size and number (338). 

After 8 weeks (56 days) of storage, the fruit treated with 2,4-D 
showed strikingly fewer black buttons and rind defects (pitting, spot- 
ting, and aging), but more external decay, than the control samples 
(Table II). The juice quality of both samples was good. Decay 
probably would have been reduced if the fungicidal wash used in 
packing houses had been given prior to storage. It should be pointed 
out, however, that a sample of only 338 fruits is inadequate; there- 
fore, unless substantiated by further tests, the results are not con- 
sidered conclusive. 

A storage test was also conducted with Valencia oranges. Trees in 
a grove near Spadra were sprayed with 8 ppm 2,4-D on June 19, 
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1947. By harvest time, October 7, 1947, fruit drop of sprayed trees 
had been reduced 32.3 per cent, compared with that of nonsprayed 
trees. On this date, fruit samples were taken for storage. Only sound 
fruit free of blemishes was selected. The 5-week (35-day) storage 
period consisted of 2 weeks at 35 degrees F (precooler temperature) , 
then 2 weeks at 40 to 45 degrees (car temperature), followed by 1 
week at 70 to 80 degrees (room temperature). 

After storage at these temperatures, the 2,4-D-sprayed fruit showed 
no appreciable differences from the nonsprayed fruit in external decay, 
rind defects (pitting, spotting, or aging), or black buttons. The loss 
of fruit in any of these categories was relatively slight (Table II). 


TABLE II — ^Effect of Preharvest Sprays of 2,4-D on Development of 
Black Buttons, External Decay, and Rind Defects in Washington 
Navel and Valencia Oranges and in Grapefruit During Storage* 


Trees 

Preharvest 

Spray 

Treatment 

Num- 

ber 

Fruits 

Stored 

Storage 

Period 

(Days) 

Perce: 

ntage of Fm 

its Showing 

Black 

Buttons 

Ex- 

ternal 

Decay 





Washington Navel 

None (control) 

338 

56 

38.17 

1.18 

66.17 

3.62 

orange 

2,4-D, 25 ppm 

338 

56 

0.88 

9.76 

38.76 

3.55 

Valencia orange J 

None (control) 

903 

35 

5.87 

0.11 

15.50 

3.10 


2,4-D, 8 ppm 

903 

35 

5.20 

0.33 

13.95 

1.44 

Grapefruit§ 

None (control) 

959 

105 

87.59 

24.19 

6.99 

1.98 


2,4-D, 8 ppm 

900 

105 

57.67 

9.44 

5.22 

4.44 


2,4-D, 16 ppm 

1,117 

105 

30.83 

5.28 

4.29 

1.70 


♦Orange plots established in cooperation with Dr. L. J. Klotz; grapefruit plot, with Dr. E. R. 
Parker. 

tincluding pitting, spotting, and aging. 

iPruit showing severe granulation and internal decline after storage: control, 14.5 per cent; 

2.4- D-sprayed, 4.8 per cent. 

§Black-button fruit showing internal Altemaria decay after storage: control, 3.44 per cent; 

2.4- D-sprayed (8 ppm), 1.56 per cent and (16 ppm) 0.90 per cent. 

The fruit was then cut for observation of severe granulation and in- 
ternal decline (4). The percentage of nonsprayed fruit having this 
category of defects was 14.5, compared with 4.8 per cent for the 2,4-D- 
sprayed. Slight granulation and internal decline were not recorded. 
These figures can only be accepted as indicative of the need for further 
data on this possible effect of 2,4— D on granulation of Valencia 
oranges. Although the sample size was sufficiently large in this test, 
a single experiment is entirely inadequate to establish the validity of a 
response of this type. 

Grapefruit : — ^A storage test was made on grapefruit from Arling- 
ton Heights, California. On April 29, 1947, certain trees in a Latin- 
square-designed plot were given drenching water sprays of 8 or 16 
ppm 2,4-D. By harvest time, September 3, 1947, these sprays had re- 
duced fruit drop 46 per cent and 48 per cent, respectively, in com- 
parison with nonsprayed trees. All the fruit from this plot was used 
in the storage test 

Prior to storage, the grapefruits wet-e washed with 0,5 per cent 
soap solution, then treated with a 1.25 per cent water solution of soda 
ash, and waxed with a solution containing 0.75 per cent of California 
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Fruit Growers Exchange Water-Wax No. 22. This Water-Wax is a 
combination of paraffin and caniauba wax with emulsifying and 
spreading agents. The culls were discarded, and the washed, treated, 
and waxed samples were stored at a temperature of 58 to 60 degrees F 
and at a relative humidity of 85 to 88 per cent. Each sample consisted 
of 15 boxes of fruit. The fruit was removed from storage at frequent 
intervals for inspection. Decayed fruit was discarded, and the re- 
mainder was returned to the storage rooms. 

Table II presents the storage data comparing nonsprayed fruit with 
that sprayed with either 8 or 16 ppm 2,4~D. The sprayed fruit showed 
a reduced amount of external decay, aging, and black buttons through- 
out storage. There was also a decrease in internal Alternaria decay, 
as shown by cutting and examination of the black-button fruit after 
storage. 

After 15 weeks’ (105 days’) storage, the fruit from trees sprayed 
with 16 ppm 2,4-D was rated the best with regard to firmness, color, 
and general appearance ; that from trees sprayed with 8 ppm 2,4-D 
was rated next best; and the nonsprayed fruit was rated the poorest 
of the three lots. 

Treatment of Fruit With 2,4-D After Harvest 

Another approach to the effect of 2,4--D on citrus fruit storage is in 
its application to the fruit in the packing house before storage. This 
use of 2,4-D was suggested by the effects of similar applications of 
2,4-D on bananas, pears, and apples (7). 

Lemons : — In the summers of 1946 and 1947, very limited pre- 
liminary tests were made to determine the effect of dipping green 
lemons in a 2,4-D solution before storage. The results were not en- 
couraging, but since the trials were considered inadequate, in October, 
1947, a more comprehensive series of tests was planned for the 1948 
lemon harvest. 

On May 17, 1948, subsequent to washing and waxing, as described 
above, both “light-green” and “green” lemons from trees not sprayed 
with 2,4— D were dipped for 2 minutes in a lanolin emulsion containing 
either 500 or 1,000 ppm acid equivalent of the butyl ester of 2,4-D. 
These fruits were then stored at 58 to 60 degrees F and 88 per cent 
relative humidity. 

One sample of washed and waxed “green” lemons was exposed for 
69 hours to the vapor of the isopropyl ester of 2,4-D by placing 10-cm 
petri dishes containing 5 ml of ester on the bottom of each section of a 
storage box, covering the dishes with a hardware-cloth guard, and 
placing the fruit above the dishes. During the exposure time, this fruit 
was held at 58 to 60 degrees F and 88 per cent relative humidity in 
a storage room separate from that containing control, nonvapor-treated 
fruit. After exposure, the treated lemons were plac?ed in the storage 
chamber with the nontreated fruit. Storage time includes the period 
of exposure to 2,4— D vapory 

The first inspection was made after 115 days’ storage at 58 to 60 
degrees F and 88 per cent relative humidity. The data presented in 
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Table III show that 1.88 per cent of the control, nondipped *‘Hght- 
green” lepions had external decay, and 51.3 per cent had black but- 
tons. Examination of the black-button fruit for internal Alternaria 
decay showed that more than 30 per cent had indications of decay 
which would have developed within 2 weeks, although not decayed at 
this time. In contrast, all the 2,4— D-treated samples of “light-green*' 
fruit were sound and firm and showed no black buttons or decay. 


TABLE III — Effect on Eureka Lemons of Prestorage Immersion in 
Lanolin-2, 4-D Emulsion or Exposure to 2,4-D Isopropyl Ester 
Vapor 


Color Grade 
of Fruit 

Prestorage 

Treatment 

Num- 

ber 

Fruits 

Stored 

Storage 

Percents 

,ge of Fruits Showing 

Period 

(Days) 

1 Black 
Buttons 

Ex- 

ternal 

Decay 

Internal 

Alternaria 

Decay 

Light green 

None (control) 

Lanolin emulsion dip: 

902 

902 

115 

162 

51.30 

87 91 

1.88 

3.85 

♦ 

1.28 


500 ppm 2.4-D 

1,000 ppm 2,4-D 1 

158 

162 

1.90 

0.00 

0.00 


166 

162 

3,01 

0.00 

0.00 

Green 

None (control) 

Lanolin emulsion dip: 

1,102 

162 

41.65 

12.25 

0,53 


500 ppm 2,4-D 

166 

162 

0.00 

0.00 

0.00 


1,000 ppm 2,4-D 

2,4-D isopropyl ester vapor 

166 

162 

0.00 

0.60 

0.00 


(exposure, 69 hours) 

164 

162 

23.78 

1.22 

0.00 


*More than 30 per cent of the black-button fruit, when cut, showed indications of the presence 
of Alternaria, which probably would have developed into decay within 2 weeks. 


Even after 162 days of storage, only 3.01 per cent of the “light- 
green” fruit dipped in 1,000 ppm 2,4—1) had black buttons, and none 
had Alternaria decay, in comparison with 87.91 per cent with black 
buttons and a large amount of Alternaria (as indicated above) for the 
nondipped fruit (Table III). No visible decay developed in the dipped 
fruit, compared with 3.85 per cent in the nondipped. The “green” 
lemons dipped in either 500 or 1,000 ppm 2,4— D solutions failed to 
develop a single fruit with black button or Alternaria decay after 162 
days of storage. Visible decay was 0.60 per cent for the dipped fruit, 
compared with 12.25 per cent for the nondipped. 

Vapor treatment of “green” lemons with isopropyl ester of 2,4— D 
for 69 hours at the beginning of storage (Table III) also reduced black 
buttons and Alternaria decay, as well as visible decay, in comparison 
with nontreated fruit. The reduction w^as much less than for the dip 
treatment. It is possible, however, that continuous exposure to the 
vapors would be just as effective as the dip application. 

In addition to the dip and vapor treatments with 2,4— D, 500 ppm 
2,4-D as the butyl ester was added to the Water-Wax emulsion. 
Lemons were waxed with this preparation in the usual manner and 
stored as described. The storage results (Table IV) show that in all 
color groups there was a remarkable reduction in percentage of fruit 
with black buttons, Alternaria decay, and external decay. This method 
of 2,4-D application appears to be as effective as the lanolin-emulsion 
dip treatment in reducing decay, if not more so. 

Oranges : — One preliminary storage test with Valencia oranges 
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TABLE IV — Percentage of Eureka Lemons Showing Black Buttons 
AND Decay After 120 Days’ Storage Following Treatment With 
Coating of Water-Wax-2, 4-D Emulsion 


Color Grade 
of Fruit 

Prestorage 

Treatment 

Number 

Fruits 

Stored 

Percenta 

ge of Fruits Showing 

Black 

Buttons 

External 

Decay 

Internal 

Alternaria 

Decay 

Silver 

None (control) 

120 

61.67 

13.33 

6.67 


Water-Wax-2, 4-D emulsion 

87 

12.64 

1.15 

1.15 

Light green 

None (control) 

820 

49.39 

3.66 

4.63 


Water- Wax-2, 4-D emulsion 

413 

2.66 

1.69 

0.00 

Green 

None (control) 

756 

49.21 

2.38 

2.65 


Water-Wax-2, 4-D emulsion 

484 

1.45 

0.41 

0.00 

Dark green 

None (control) 

669 

23.92 

0.30 

1.05 


Water- Wax-2, 4-D emulsion 

121 

2.48 

0.00 

0.00 


treated with Water-Wax containing 500 ppm 2,4~D indicated a re- 
duction in black-button formation compared with that of nontreated 
fruit. Apparently, Valencia oranges are similar to lemons in this 
response to 2,4—1). 

Discussion 

In view of the marked increase in storage life of fruit from trees 
sprayed with 2,4, 5~T, compared with those sprayed with 2,4— D, it 
seems probable that 2,4, 5-T will be an even more desirable compound 
than 2,4— D for treatment of harvested citrus fruits. 

These tests suggest various other means of applying 2,4— D and 
2,4, 5-T to citrus fruit during storage. In lemon storage houses, the 
2, 4-D or 2,4, 5-T vapor might be introduced directly into the cir- 
culating air stream. This possibility is being tested by the Research 
Department of the California Fruit Growers Exchange at Ontario, 
California. The 2,4-D or 2,4, 5-T might also be applied by spraying 
the storage room walls or by impregnating the paper wrapping or even 
the shipping boxes. These, of course, are at present only possibilities, 
and the likelihood of their use will depend on developments from tests 
now in progress. The use of 2,4— D or 2,4, 5-T sprays on trees to reduce 
preharvest drop of fruit apparently also caused a reduction in black- 
button formation and internal Alternaria decay. This seems remark- 
able, considering that some of the weak fruit which would have ordi- 
narily dropped off, as it did from the nonsprayed trees, was harvested 
from the sprayed trees, 

Alternaria is considered the most important cause of decay of 
California lemons, with the possible exception of Penicillium. The 
Alternaria fungus may be found in or on the buttons of even very 
young fruit in the orchard (3). The usual fungicides and disinfectants 
have failed to control the fungus except at concentrations which also 
injure the fruit (5). 

The effectiveness of 2,4-D and 2,4, 5-T in reducing black buttons 
and Alternaria decay is not difficult to understand if one assumes that 
they delay maturity of the abscission layer between the fruit and the 
stem. When this layer matures, its cell walls weaken and the stem may 
completely separate from the fruit as in fruit drop, or the fruit may 
remain loosely held and stem die-back may result (6). Since citrus 
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fruits in California are harvested by clipping the stem just above the 
fruit, a short segment of stem remains on the fruit when it is put into 
storage. It is thought that maturation of the abscission layer in stored 
fruit results in the death of this stem segment. As a consequence of 
this weakness in the protective armour of the fruit, Alternaria decay 
may enter and grow from the button into the fruit interior. Thus, 
presumably as a result of delaying maturation of the abscission layer 
by 2,4— D or 2,4,S-T application, the fruit button is maintained in a 
living condition for a longer period after harvesting than otherwise, 
and black button and resulting Alternaria decay are thereby reduced. 

Summary 

Lemons and grapefruit from trees in southern California orchards 
sprayed with 2,4-dichlorophenoxyacetic acid (2,4-D) had an increased 
storage life, compared with fruit from nonsprayed trees. This resulted 
from a decrease in black-button (blackened-calyx) formation and at- 
tendant Alternaria rot, as well as from a reduction in external decay. 
Washington Navel oranges from trees sprayed with 2,4-D likewise 
had fewer black buttons than fruit from nonsprayed trees. In one test 
with lemons, 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) spray was 
considered more effective than 2,4-D in inducing these responses. 

Lemons dipped in 2,4-D solutions or exposed to 2,4-D vapor, or 
coated with 2,4-D in wax after harvest, likewise had an increased 
storage life, compared with nontreated fruit, owing to a reduction in 
black buttons, internal Alternaria decay, and external decay. 
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The Use of Bee-Collected Pollen in Artificial 
Pollination of Deciduous Fruits 

By W. H. Griggs, University of California, Davis, Calif., and 
George H, Vansell, U. S. Department of Agriculture, 

Davis, Calif, 

A lthough bee-collected pollen can be readily obtained in almost 
. unlimited quantities by the use of pollen traps (4, 6), no evi- 
dence has been presented which indicates that it can be used suc- 
cessfully to replace hand-collected pollen in commercial artificial pol- 
lination. A person collecting pollen by hand gathers about 20 volume , 
ounces of apple blossom anthers per day ; 6 to 8 ounces of such green 
anthers are required to produce 1 ounce of cured pollen ( 1 ) . On the 
other hand, a pollen trap will yield as much as pounds of pollen 
per day per colony of bees under favorable conditions. 

The pollen pellets of a honey bee generally contain pollen grains 
from only one species of plant, and the pellets of the common fruit 
species are readily distinguished by their color. Although all bees of 
a colony do not visit the same species, it is possible to get nearly a pure 
sample by careful selection of the time and place of trapping. The 
pureness of some collections of pollen is shown in Table I. 


TABLE I — Percentage of Desired Species op Pollen Obtained from 
Pollen Traps in California Orchards ( 1947 ) 


Polled Desired 

Collection 

Per Cent 
Desired Pollen 
Obtained 

Date 

Place 

Almond 

Feb 24 

Winters 

95 

Sweet cherry 

Mar 19 

Cortland 

75 

Sweet cherry . 

Mar 23 

Cortland 

40 

Pear 

Mar 19 

Cortland 

10 

Pear 

Mar 26 

Cortland 

65 

Pear 

Mar 26 

Placerville 

85 

European plum 

Mar 20 

Woodland 

99 


Apr 19 

Santa Rosa 

73 


Kremer (3) suggested that bee-collected pollen from early blooming 
apple varieties could be mixed with lycopodium spores and stored 
under dry conditions at 34 to 36 degrees F. Later this mixture can be 
used in pollen-distributing traps inserted at the entrance of bee colonies 
for the cross-pollination of varieties which blossom late in the spring. 
He warned, however, that the bee-collected pollen loses its viability 
quite rapidly, even under the best of conditions. Singh and Boynton 
(5) reported a continuous decline in germination as well as in ability 
to effect fruit set of practically all samples of bee-collected apple pollen. 
They report that most of the decline in viability appeared to take place 
during the first 2 hours of storage. 

Studies in California Prior to 1948^ 

Studies to determine the value of bee-collected pollen in artificial 
pollination have been conducted in the deciduous fruit areas of Cali- 

^Unpublished data by C. O, Hesse, University of California, Davis, Calif., 
J. R. King, formerly of the University of California; and George H. Vansell. 
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fornia since 1944. Both emasculated and perfect flowers were used, 
and in most tests hand-collected pollen was used as a control. Various 
concentrations of pollen-water mixtures ivere sprayed on almond, pear, 
and plum blossoms with hand and power sprayers. In one orchard 
near Hamilton City, 45 mature Winter Nelis pear trees were pollinated 
in this manner. The pellets were also mixed with walnut shell powder 
and dusted on the blossoms with hand dusters. In other trials the blos- 
soms were pollinated by gently crushing the pellets on the hands and 
touching the stigmas with the fingers. In 1945 four Bartlett pear trees 
which had been completely enclosed with cheesecloth cages prior to 
the blossoming period were sprayed with pellet pollen suspended in 5 
and 10 per cent cane-sugar sirup as well as in water. In all experi- 
ments the bee-collected pollen failed to increase fruit set significantly. 
However, a study of the weather conditions during and following the 
days when the pollens were applied reveals that in nearly every instance 
low temperatures and rains could have been partially responsible for 
the low fruit sets. 

Samples of bee-collected pollen from almond, sweet cherry, French 
prune, and Bartlett pear blossoms were collected in different counties 
during the period from February 20 through March 26, 1947. The 
samples were stored at 32 degrees F in open-topped petri dishes in 
dessicators with the relative humidity adjusted to 25 per cent with 
sulphuric acid. Upon collection the germination ranged from 20 to 34 
per cent on a medium consisting of 2 per cent agar and 10 per cent 
cane sugar. By the first of June, germination ranged from 5 per cent 
to 0, and by July 1 it was practically nil for all samples. However, a 
few pollen grains from each sample, except those for sweet cherry, 
germinated on July 1 when they were tested on a medium of 2 per cent 
agar and 20 per cent cane sugar. 

Samples of the sweet cherry pollen were also stored at 36, 32, and 
15 degrees F with relative humidity combinations of 0, 15, 25, and 50 
per cent. By June 4 the only germination was 3 per cent from the 
samples stored at 15 degrees F. The different humidities had no ap- 
parent effect on viability. By July 1 less than 1 per cent of the pollen 
stored at 15 degrees F germinated on the medium containing 10 per 
cent sugar, but when the sugar content was doubled, germination again 
averaged 3 per cent. 


Materials and Methods 

Since higher germination of the bee-collected pollen occurred follow- 
ing storage when the sugar content of the medium was increased, lab- 
oratory tests were made during the spring of 1948 with various con- 
centrations of cane-sugar sirup as a diluent for the pellets. The pollen- 
sirup mixtures were tested for germination on media consisting of 2 
per cent agar and 10, 15, and 20 per cent cane sugar. These tests re- 
vealed that fruit pollen from freshly gathered pellets, when suspended 
in 15 or 20 per cent sirup and then tested on an agar medium contain- 
ing 20 per cent cane sugar, germinated as well or better than hand-col- 
lected pollen. Samples of almond, cherry, and pear pellet pollen gave 
a range of from 46 to 80 per cent germination by this method. Germi- 
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nation was reduced to 1 per cent or less in from 5 to 10 days at room 
temperature. ^Vhen stored in paper bags at 32 degrees F, samples of 
bee-collected almond pollen gave germination percentages of 26 to 64 
per cent 22 days after they were collected. Pellet pollen from cherries 
and pears ranged from 37 to 57 per cent germination after 7 days at 
32 degrees F. 

Next it was necessary to learn whether or not pollen from the pellets 
could effect a satisfactory fruit set immediately after it was collected, 
before making further attempts to increase its viable storage life. 
Therefore, all of the bee-collected pollen used in the 1948 studies, ex- 
cept that of the Early Wilder pear, was obtained by capturing the bees 
with a hand net, while they were gathering pollen from the desired 
varieties. Within a few minutes after the pellets were gathered they 
were dissolved in a small vial of either distilled water or 1 5, 20, or 30 
per cent cane sugar sirup. The resulting mixture of pollen and liquid 
was immediately applied to the stigmas with a glass stirring rod. The 
hand-collected pollen was also applied with a stirring rod. 

All blossoms which were artificially pollinated were emasculated in 
the popcorn stage, and only tw’o or three blossoms per cluster were 
left. Bagging was not practiced, but additional branches on the same 
trees were emasculated but not pollinated while others were either 
pollinated with hand-collected pollen or used to determine the fruit 
set resulting from open pollination. The tests were made on bearing 
trees ranging from 25 to 40 years old. The number of fruits which set 
were counted before the June drop, but the mean fruit sets presented 
were calculated from the number of fruits which matured. The pears 
and apples were harvested, weighed, and examined for seed content. 
Fruits containing one or more filled seeds were classified as seeded. 

Results and Discussion 

Sweet Cherries: — Pellets, collected from bees working different 
cherry varieties, were applied to blossoms of Bing, Bush Tartarian, 
Napoleon, and Pontiac trees in the cherry variety orchard at Davis on 
March 30, 31, and April 1. In addition to applying water and sirup 
mixtures of the pellets, pellets were gently rubbed on the stigmas of 
several hundred blossoms by hand. Of a total of 2,918 blossoms pol- 
linated with the bee-pellets on the above varieties, a mean fruit set 
of 0.4 per cent was effected. Twelve varieties of hand-collected pollen 
applied to 4,914 blossoms on these same trees effected a mean set of 
3.2 per cent, while 1,715 open-pollinated blossoms had a mean set of 
38.0 per cent. Not a single fruit set on 1,796 blossoms which were 
emasculated only. 

No rain fell during the period in which the pollens were applied, 
and the average maximum and minimum temperatures for the 3 days 
were 68 and 43 degrees F respectively. Rain occurred April 2, and 
the average maximum temperature for April 2, 3, and 4 dropped to 
58 degrees F and the average minimum temperature to 41 degrees. 

On April 14 two branches with a total of 352 blossoms on a late- 
blooming variety, Lambert, were pollinated with bee-pellets taken from 
bees working Ord and Deacon cherry trees and dissolved in 20 per cent 
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cane sugar sirup. A mean set of 9.8 per cent resulted. Hand-collected 
Deacon pollen applied to 945 blossoms on this tree gave a 10.9 per cent 
set, and the set resulting from open pollination was 18 per cent. The 
maximum and minimum temperatures for April 14 were 57 and 49 
degrees F respectively. Light showers occurred on April 15, 16, and 
17, and the temperature averaged approximately 10 degrees higher 
than that for the 3 days following the earlier cherry pollinations. 

Hardy Pears : — On April 12 and 13 bee-collected Early Wilder pol- 
len dissolved in 20 per cent sugar sirup and hand-collected Winter 
Nelis and Bartlett pollen were applied to the blossoms of Hardy pear 
trees growing in a solid block at Danville. The bee-pellets were trapped 
April 10 and 11 from colonies of bees in a solid block of Early Wilder 
trees near Winters and stored at 32 degrees F. Samples of the pollen 
from the pellets showed germinations of 30 to 40 per cent on the days 
it was applied. Hand-collected pollen from the same Early Wilder 
orchard in which the pellets were trapped was used to pollinate a 
branch on each of two of the Hardy trees with a total of 481 blossoms. 
A mean fruit set of 22 per cent resulted, and 98 per cent of the fruits 
contained filled seeds. The average maximum temperature for April 
12 and 13 was 59 degrees F, and the average minimum temperature 
was 43 degrees. A light show’er occurred during the afternoon of April 
13. Light showers also occurred on April 15 and 16. No freezing 
temperatures occurred after the pollinations. The mean fruit set, pro- 
portion of seeded fruits, and weight per fruit resulting from tlie pol- 
linations are shown in Table II. 

The hand-collected Winter Nelis and Bartlett pollen effected greater 
fruit sets and higher proportions of fruits containing filled seeds than 
did bee-collected pollen, emasculation only, and open pollination. The 
mean weights of the fruits resulting from open pollination, as well as 
the two varieties of hand-collected pollen, were significantly greater 
than those obtained from blossoms pollinated with bee-pellets or emas- 
culated only. 

The mean per cent set and the mean weight of the fruits which de- 
veloped from the blossoms pollinated with the bee pollen were not 
significantly greater than that resulting from emasculation only. How- 
ever, not one filled seed developed from the unpollinated blossoms, and 
the filled seeds in 13.4 per cent of the fruits which developed from the 
blossoms pollinated with the pellet pollen show that it is capable of 
effecting normal pears. The mean weight of these seeded fruits^ was 
77.0 grams. This was not significantly different from the mean weights 
of the seeded fruits resulting from the hand-collected pollen and open 
pollination. 

Bartlett Pears : — On April 7 a total of 2,914 blossoms on branches 
of six Bartlett pear trees at Davis were pollinated with bee-collected 
Early Wilder pollen which had been trapped on April 6 in the Early 
Wilder orchard mentioned above. The pellets were dissolved in water 
or 20 per cent sugar sirup, and applied with a small hand sprayer as 
well as with glass stirring rods. The maximum and minimum tempera- 
tures for April 7 were 58 and 33 degrees F respectively. Light showers 
occurred April 8, 9, and 10, and cool weather continued until April 13. 
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TABLE II — Effect of Emasculation and Cross- Pollination With Bee- 
Collected AND Hand-Collected Pollen on the Fruit Set, Seed 
Content, and Weight of Hardy Pears (Danville, California, 1948 ) 
(Means Are For Thirteen Trees) 


Treatment of Blossoms 

Number 

of 

Blossoms 

Used 

Mean 
Per Cent 
Fruit 
Set 

Mean 
Per Cent 
Seeded 
Fruits 

Mean 
Weight 
Per Fruit 
(Grams) 

Mean 

Weight 

Per 

Seeded 

Fruits 

(Grams) 

Emasculated and pollinated with: 

Bee-pelletst m 20 per cent cane sugar sirup 

2,990 

25 

13.4 

54.4 

77.0 

Winter Nelis pollen (hand-collected) 

Bartlett pollen (hand-collected) 

1,786 

12 7 

73.5 

72.2 

77 6 

1,255 

13.8 

84.0 

70.3 

74.1 

Emasculated only 

1,558 

1.9 

0.0 

55.0 



Open pollinated . . . . 

4,654 

5.9 

41.9 

75 5 

85.4 

Difference required for significance 

5.0 per cent level 

1.0 per cent level 

F value for treatments ... 


3.8 

5.1 

16.7** 

18.6 

24.8 

29.9** 

13.6 

18,3 

4,4** 

1.7 


tTrajjped from bees working Early Wilder pear blossoms. 

’•'“•'Significant beyond the 1 per cent level. 

Only two fruits resulted from this study. They developed from blos- 
soms which had been pollinated by applying the sirup-pollen mixture 
with glass rods. One of these fruits contained one filled seed and the 
other was parthenocarpic. One parthenocarpic fruit developed from 
the blossoms which were emasculated but not pollinated. Although the 
trees were interplanted with Winter Nelis, the fruit set resulting from 
open pollination was very light, estimated to be only 2 per cent. 

On April 23 and 24 blossoms of Bartlett pear trees growing in a 
solid block near Camino were pollinated with bee-pellets in different 
concentrations of sirup and with hand-collected pollen. The pellets 
were taken from bees working Winter Nelis and Bose blossoms. The 
number of blossoms used for each treatment was limited, because bee 
activity was light and only a small quantity of pellets was obtained. The 
average maximum and minimum temperatures for the 2 days were 59 
and 35 degrees F respectively. The cold weather continued, and on 
April 29 the temperature dropped to 27 degrees F. 

The data obtained are shown in Table III. None of the variously 
pollinated blossoms gave significantly higher fruit sets than the par- 
thenocarpic set resulting from emasculation only. The unfavorable 
effect of the low temperatures during the blossoming period on germi- 
nation and fertilization is shown by the low percentages of seeded fruits 
which developed from either open-pollinated or hand'-potlinated blos- 
soms.^ High parthenocarpic sets of Bartlett were also reported by 
Dwyer and Bowman (2), who found that the years of greatest par- 
thenocarpic fruit set were characterized by moist conditions and low 
temperatures during, and for a short time after, the blossoming period. 
Therefore, the effectiveness of the hand-collected as well as the bee- 
collected pollen must be determined from the number of seeded fruits 
rather than from the total number of fruit set. The few seeded fruits 

®The hand-collected Winter Nelis and Early Wilder pollens were from the 
same collection which was used on the Hardy trees at Danville, where they 
effected a much higher proportion of seeded fruits. 
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TABLE III — Effect of Emasculation and Cross-Pollination With 
Bee-Collected and Hand-Collected Pollen on the Fruit Set, Seed 
Content, and Weight of Bartlett Pears (Camino, California, 1948) 
(Means Are For From Two to Twelve Trees) 


Treatment of Blossoms 

Number 

Blossoms 

Used 

Mean 
Per Cent 
Fruit 
Set 

Mean 
Per Cent 
Seeded 
Fruits 

Mean 
Weight 
Per Fruit 
(Grams) 

Emasculated and pollinated with: 

Bee-pelletsf in 15 per cent cane sugar sirup 

228 

8.3 

12.5 

76.6 

Bee-pelletsf in 20 per cent cane sugar sirup 

Bee-pelletst in 30 per cent cane sugar sirup 

902 

11.0 

0.8 

76 1 

535 

9.6 

6.7 

76.6 

Winter Nelis pollen (hand-collected) 

203 

16.0 

5.0 

67.9 

Early Wilder pollen (hand-collected) in 15 per cent 
cane sugar sirup ... , 

293 

8.6 

0.0 

99.4 

Early Wilder pollen (hand-collected) 

Emasculated only 

497 

12.4 

1.0 

75.6 

1.500 

9,3 

0.0 

803 

open pollinated 

5,991 

4.0 

10.9 

97.2 


P value for treatments 3.4** 2.2* 2.1 

fCollected from bees working Bose and Winter Nelis pear blossoms. 

♦Significant beyond the 5 per cent level. 

♦♦Significant beyond the 1 per cent level. 


which developed following pollination with bee-collected pollen again 
indicate that it is possible to get normal fruits with it. 

There were no significant differences in the weights of the fruits 
which developed following the treatments or between the treatments 
and open pollination. 

Apples : — On May 5 bee-collected pollen was used to pollinate inter- 
planted Delicious and Golden Delicious apple trees near Placerville. 
The temperature ranged in the seventies, and the day was ideal for bee 
activity. No freezing temperatures followed the pollinations, and no 
rain occurred for several days thereafter. Pellets from bees working 
Golden Delicious blossoms were dissolved in sirup and applied to the 
Delicious blossoms. Then pellets from bees working Delicious blos- 
soms were used to pollinate the Golden Delicious. Hand-collected 
Delicious pollen was also used to pollinate a branch on each of the 
Golden Delicious trees. The resulting data are shown in Table IV. 

The pollen from the pellets gave a fair set on the Delicious blossoms, 
and the mean set on the Golden Delicious was as satisfactory as that 
of hand-collected Delicious pollen or open pollination. No fruits de- 
veloped on the branches which were emasculated only. The effective- 
ness of the bee-collected pollen is further shown by the fact that the 
fruits which developed following its application contained approxi- 
mately the same number of seeds as those resulting from open pol- 
lination and hand-collected pollen. The fruits which resulted from pol- 
lination with bee-pellets were as large as those resulting from hand- 
collected pollen. 

Summary and Conclusions 

With pears the fruit sets following the applications of bee-collected 
pollen in water and in sirup mixtures were either nil or insignificant. 
On the other hand, the results following the application of pollen-sirup 
mixtures to Lambert cherry and Delicious and Golden Delicious apple 
blossoms indicate that under favorable weather conditions the pollen 
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TABLE IV— Effect of Emasculation and Cross-Pollination With 
Bee-Collected and Hand-Collected Pollen on the Fruit Set, Seed 
Content, and Weight of Delicious and Golden Delicious Apples 
(Placerville, California, 1948) (Means are For Two Trees) 


Treatment of Blossoms 

Number 

of 

Blossoms 

Used 

Mean 
Per Cent 
Fruit 

Set 

Mean 
Seeds i 
Per Fruit 

Mean 
Weight 
Per Fruit § 
(Grams) 

Delictous 




Emasculated and pollinated with: 





Bee-pellets* m 15 per cent cane sugar sirup . . 

229 

4.9 

7.5 

66 9 

Bee-pellets* m 20 per cent cane sugar simp 

298 

7.0 

6.7 

77.8 

Emasculated only 

291 

0.0 

— 

— 

Open pollinated . . . . 


lO.Ot 

7.7 

100.0 

Golden Delicious 




Emasculated and pollinated with: 





Bee-pelletsf in 15 per cent cane sugar simp . . 

215 

17.9 

8.4 

77.7 

Delicious pollen (hand-collected) 

278 

15.8 

1 8.5 

67.1 

Emasculated only 

257 

0.0 

— 

— 

Open pollinated 

— 

15.Qt 

9.1 

99.4 


♦Collected from bees working Golden Delicious apple blossoms. 
tCollected from bees working Delicious apple blossoms. 
jEstimated. 

§ Fruit picked 3 weeks before commercial harvest. 

from freshly gathered bee-pellets is capable of effecting satisfactory 
fruit sets. Thus, further studies must be made before bee-collected 
pollen can be recommended for commercial artificial pollination. 

Fruit pollen from freshly gathered pollen pellets of honey bees shows 
germination percentages which compare favorably with hand-collected 
pollen when the pellets are first dissolved in 15 or 20 per cent cane- 
sugar sirup and the resulting mixture tested on an agar-sugar medium 
containing 20 per cent cane sugar. 

The tendency toward parthenocarpy of Hardy and Bartlett pear 
varieties makes it necessary to use the number of seeded fruits rather 
than the total number of fruits set in determining the effectiveness of 
a pollinizer. 
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Handling and Application of Pollen to Fruit Trees^ 

By R. M. Bullock and F. L. Overley, Tree Fruit Experiment 
Station, Wenatchee, Wash, 

A rtificial pollination of tree fruits on a commercial basis was 
^ , started in the state of Washington approximately 20 years ago. 
Since that time, many orchards with inadequate pollination by natural 
means have been pollinated artificially ; these, for the most part, pro- 
duced greatly increased crops as a result of the practice. In general, the 
increase was greatest where pollination by natural means was not 
satisfactory. The need for artificial pollination is most generally with 
apples, although some attention has been given to pears, sweet cherries 
and plums in recent years. 

The blossom period, during which pollination may be done, is short. 
The pollen must be collected, dried and applied within a few days. 
Artificial pollination has been considered costly, since hand labor 1ms 
been necessary for all operations. It is for the purpose of lowering these 
costs that this study was initiated in 1946. 

The greatest improvement in the pollination program appears to be 
with the application of the pollen. This investigation deals specifically 
with commercially introduced airplane and bomb methods of appli- 
cation. Special attention was directed to (a) fruit set resulting from 
applying pollen with the airplane and bomb ; (b) the germination of 
pollen applied with the airplane and bomb ; and (c) the handling of 
artificially collected pollen. 

In determining the need for artificial pollination, it is very important 
that each grower carefully evaluate his own particular situation with 
regard to the pollinator trees or grafts that he is growing and the bee 
or other insect population in the orchard. Many growers consider 
artificial pollination as insurance and supplement it with bees and 
bouquets, however, many other orchardists find the operation an added 
expense. Fruit set on branches of four Delicious apple trees in an 
orchard where adequate pollinator trees and bees were present is shown 
in Table I. 

Under conditions shown in Table I, artificial pollination would be 
an added expense. Overley and Bullock (2) have reported that where 
3 to S per cent of a heavy bloom on apple trees sets fruit, a good com- 
mercial crop is assured. 

Fruit Set Resulting From Applying Pollen With the Air- 
plane AND Bombs in Addition to Normal Pollination 

Airplane Application oj Pollen: — Many growers have used this 
method of applying pollen to apple and sweet cherry orchards in the 
past three years. Pollen designed for airplane application is diluted with 
a less-expensive substance or diluent and the mixture is applied as a 
dust. 

In comparing the fruit set obtained by airplane application of pollen 

^Published as Scientific Paper No. 820, Washington Agricultural Experiment 
Stations, Institute of Agricultural Sciences, State College of Washington. 

125 



126 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


TABLE I — Fruit Set on Four Delicious Apple Trees in an Orchard 
Where Adequate Pollinator Trees and Bee Populations were 
Present ( 1947 ) 


Position on Tree 

No. Flowers 

Per Cent Set 

SW 8' 

621 

5.79 

SE 6' 

483 

10 14 

E 6' 

378 

5.02 

W 8' 

772 

5.18 

N 8' 

266 

4.88 

NE 8' 

1,155 

6 32 

N 6' 

345 

8.69 

SW 6' 

424 

8 96 

SE S' 

772 

7.77 

SE 6' 

644 

5.59 

N 8' 

465 

8,81 

N 6' 

522 

6 13 

N 8' 

729 

5.76 

E 6' 

424 

7.31 

E 10' 

1,168 

8.30 

E 6' 

754 

9 28 

S8' 

925 

9.29 

S 6' 

746 

10 18 

W 6' 

429 

5.59 


12,022 

7.42 


with normal pollination, the paired branch method was used. Two 
branches, as nearly alike as could be found in the same position, were 
selected at various locations on the trees. One of these branches was 
covered with a finely woven muslin sack, while the airplane was flying 
over the orchard. The muslin sack was removed after the plane left 
the area. Fruit set counts were made following the June drop. The 
results of this study are shown for Delicious apples in Table II. Sig- 
nificance was determined by Student’s Methocl for comparing paired 
values (3). Two years data are shown in Table II from paired 
branches on 30 Delicious apple trees from eight orchards. 

No significant increase in fruit set was obtained in Delicious apples 
by this method of artificial pollination. A slight increase in set has been 
reported by Overley and Bullock (2) for Winesap apples, but the data 
are not set up for statistical treatment. Airplane pollination cannot be 
recommended at this time as providing insurance for obtaining a set 
of fruit. 

Bomb Application of Pollen : — The pollen bomb, as descril^ed by 
Overley and Bullock (2), is composed of a heavy cardboard cylinder 
with a fused impelling charge of explosive pow’-der in the base. The 
cylinder is filled with a carrier for the pollen. The pollen was placed on 
top of the carrier just prior to placing the bomb under the tree to ex- 
plode. The results of bomb pollination on Delicious apples is shown in 
Table III, and for Bing cherries, in Table IV. 

In comparing pollination by bomb with normal pollination, the 
paired branch method was used as described above for airplane pol- 
lination and the results compared by using Student’s Method for com- 
paring paired values (3). 

No significant increase in fruit set was obtained by this method of 
applying pollen to Delicious apples or to Bing cherries. Similar data 
presented by Overley and Bullock (2) and Bullock and Snyder (1) 
have shown no significant increase in fruit set by this method of apply- 
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TABLE II — Effect of Airplane Pollination in Addition to Normal 
Pollination on Paired Branches of Delicious Apple Trees (Dilu- 
ent, Lycopodium) 


Position 

Pollination by Pla3 
Normal P( 

ne in Addition to 
Dllination 

Normal Pollination Only 

Increase 

Set by 
Plane 


No. of Flowers 

Per Cent Set 

No. of Flowers 

Per Cent Set 

N 12' 

no 

12.72 

83 

1.20 

11.52 

N 7' 

88 

11.36 

66 

0.0 

11.36 

S top 

99 

8.08 

121 

4.95 

3.13 

SW 8' 

88 

13.63 

83 

15.66 

-2.03 

SE 7' 

88 

10.22 

88 

2.27 

7.95 

N 12' 

94 

6.38 

no 

9.09 

-2 71 

NW 8' 

99 

4.04 

72 

2.77 

1.27 

S top 

127 

2.36 

105 

5.71 

-3,35 

SW 7' 

121 

3.30 

88 

3.40 

-0.10 

SE5' 

132 

4.54 

105 

11.42 

-6.88 

NW 7' 

83 

10.84 

116 

4.31 

6.53 

W 10' 

121 

6.61 

8$ 

14.77 

-8.16 

SE top 

143 

11.88 

116 

1.72 

10.16 

E3' 

105 

12.38 

121 

2 47 

9.91 

SW 7' 

116 

6.03 

116 

4.31 

1.72 

S6' 

no 

7.27 

83 

9.63 

-2.36 

NW6' 

143 

9.09 

132 

8.33 

0.76 

SE 7' 

149 

6.71 

160 

8.75 

-2.04 

M top 

105 

8.57 

88 

1.13 

7.44 

NE8' 

94 

7.44 

138 

7.97 

-0,53 

S8' 

no 

8.18 

no 

4.54 

3.64 

E 8' 

127 

4.72 

116 

7.75 

-3.03 

NW 8' 

99 

14.14 

77 

9.09 

5.05 

NE 15' 

no 

0.0 

99 

1.01 

1.01 

M top 

127 

9.44 

66 

12.12 

-2.68 

S 7' 

105 

11.42 

176 

8.52 

2.90 

SW 9' 

105 

14.28 

143 

8.19 

6.09 

N 9' 

no 

9.09 

88 

4.54 

4.55 

M top 

72 

2.77 

105 

5.71 

-2.94 

M top 

154 

7.79 

no 

3.63 

4.16 

NW 6' 

143 

1.39 

193 

2.59 

-1.20 

N 14' 

55 

1.81 

50 

6.00 

-4.19 

M top 

61 

1.63 

88 

7.95 

-6.32 

E 8' 

116 

2.58 

83 

4.81 

-2.23 

N 9' 

105 

7.61 

83 

3.61 

4.00 

SW 8' 

88 

10.22 

99 

5.05 

5.17 

N 7' 

127 

7.87 

72 

0.00 

7.87 

SW8' 

66 

9.09 

66 

4.54 

4,55 

SE 9' 

77 

5.19 

94 

1 3.19 

2.00 

M top 

83 

3.61 

116 

2.58 

1.03 

S 12' 

143 1 

3.49 

66 

3.54 

-1.05 

E 6' 1 

no 

7.27 

105 

3.80 

3.47 

M top 

72 

8.33 

83 

7.22 

1.11 

SW 12' 

160 

5.00 

121 

4.95 

0.05 

E 14' 

72 

1,42 

121 

3.30 

-1.88 

SE 16' 

121 

8.26 

105 

3.80 

4.46 

NW 7' 

149 

3.35 

94 

1.06 

2,29 

SE 5' 

no 

7.72 

127 

7.08 

0.19 

S 7' 

273 

2.54 

no 

3.63 

-1.09 

SW 9' 

434 

1,61 

176 

3.40 

-1.79 

N 9' 

159 

0.99 

121 

1.65 

-0.66 

M top 

99 

2.02 

82 

3.65 

-1.63 

N 14' 

220 

1.36 

192 

3.12 

-1.76 

E 8' 

302 

1.32 

55 

3.63 

-2.31 

SW 8' 

242 

0.41 

154 

2.59 

-2.18 

SB 9' 

121 

6.61 

165 

4.84 

1.77 

S 12' 

242 

3.30 

176 

1.13 

2.17 

E 6' 

115 

5.21 

132 

3.03 

2.18 

NW 6' 

33 

0.00 

660 

3.03 

-3.03 

SE 7' 

203 

1.47 

221 

4.52 

—3.05 

N 6' 

104 

5.76 

137 

5.11 

0.65 

NE 7' 

127 

5.51 

218 

3.21 

2.30 

E top 

334 

8.38 

127 

7.08 

1.30 

NW toi 

> 184 

3.80 

no 

2.72 

1.08 

M top 

no 

7.27 

81 

8.64 

-1.37 

W 6' 

92 

5.43 

92 

7.60 

-2.17 

NE 6' 

98 

4.08 

92 

4.34 

-0,26 

SE 6' 

161 

5.59 

122 

4.09 

1.50 

S top 

138 

2.89 

133 

3.00 

-0.01 

N top 

122 

4.09 

122 

4,09 

0.00 

N top 

138 

5.07 

116 

1.72 

3.35 

S6' 

184 

4.89 

122 

1.63 

3.26 
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TABLE V — Viability of Apple Pollen Following Application by 
Airplane and Bomb 


Position 
in Tree 

Airplane Pollination 

Bomb Pollination 

Grains 

Counted 

Per Cent 
Germination 

Grains 

Counted 

Per Cent 
Germination 

S 10' 

no 

46 4 

100 

0 

W 10' 

75 

52.0 

58 

0 

N 12' 

86 

40.0 

51 

0 

E 14' 

74 

40 5 

40 

7.5 

Top middle 

92 

45 6 

35 

0 

Top middle 

90 

41.1 

31 

0 

S 6' 

120 

51.6 

82 

6.1 

W ground 

70 

54.2 

1 135 

1 5 

N ground 

54 

40.7 

no 

0 

E 8' 

68 

54.4 

I 60 

1.6 

Checks 

200 

61.0 

200 

78.5 

Checks 

200 

1 65.0 

200 

63.0 


Dispersion of the pollen was determined by hanging glass slides, 
covered with an organic oil and suspended from various points 
throughout the tree. After application of the pollen, the slides were 
taken into the laboratory and the pollen grains observed. 

Germination of pollen following application by airplane was excel- 
lent while following application by bomb was very low. The cause of 
this low viability has'mot been determined. In all cases, the pollen was 
being spread througj-i the tree in fair to good amounts as evidenced by 
pollen grains adheiyhg to the slides. 


TABLE VI—Dispersion of Pollen Following Application by Airplane 

AND Bomb 


No. 

Position 

Dispersion 

Airplane 

Bomb 

1 

Top middle 

Good 

Pair 

2 

H S 

Good 

Pair to good 

3 

H N 

Very good 

Pair 

4 

H B 

Good 

Good 

5 

HS 

Pair 

Good 

6 

HW 

Pair 

Good 

7 

MN 

Pair to good 

Gooil 

8 

ME 

Pair 

Good 


Handling of Artificially Collected Pollen 

Pollen is an extremely perishable product, and all handling of it 
must be done with this fact in mind. Pollen gathered from the orchard 
is immediately placed in drying trays and cured. Following the curing 
process, it should be kept in 34 degrees F storage at all times that it 
is not being used. If the pollen is to be stored for more than a few 
days, it should be kept at 34 degrees F and at 25 per cent relative 
humidity to make certain that it remains dry. 

In applying pollen by any of the artificial methods, it is advisable to 
mix with a diluent as this enables a more economic distribution of the 
pollen since it is a very expensive product. During the past season, 
some 37 different materials were used as pollen diluents in an effort 
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to find an inexpensive material. These materials were selected at ran- 
dom for their physical properties rather than their chemical properties. 

Materials under study as pollen diluents this season include the 
following : 


1. Lycopodium 

2. Powdered milk 

(non-fat) 

3. Casein 

4. Sodium caseinate 

5. Egg albumen 

6. Asparagin 

7. Sodium 
asparaginate 

8. Papain 

9. Pepsin 

10, Urea 

11. Peptone powder 


12. Unirradiated dry 
yeast 

13. Lactose 

14. Dextrose 

15. Levulose 

16. Maltose 

17. Sucrose 

18. Mannite 

19. Bacto dextrose 

20. Bacto agar 

21. Agar agar 

22. Malt extract agar 

23. Malt extract 

24. Diastase 


25. Corn starch 

26. Walnut hull flour 

27. Whole wheat flour 

28. Wheat flour 

29. Soy flour 

30. Wheat dextrines 

31. Cake flour 

32. Zinc stearate 

33. Charcoal 

34. Talc 

35. Calcium carbonate 

36. Dicolete 

37. Filtrol (X41S) 


Each material was ground to pass a 60-mesh screen or smaller. 
Some materials are somewhat finer than this naturally. Pollen was 
mixed with the materials at the rate of 25 per cent pollen to 75 per 
cent of the diluent and placed in small vials from which samples of 
pollen-diluent mixture were taken at intervals for germination counts. 
The same varieties of pollen without diluent were germinated at the 
same time as checks. The results are showm in Table VII for some of 
the more promising materials. 

The pollen was germinated in a 10 per cent sucrose solution placed 
in depression slides. The slides were incubated at 70 degrees F for 12 
to 18 hours in petri dishes with a moist filter paper used as a humidifier. 
Tests were made in duplicate, and 200 pollen grains were counted in 
each test at random over the slide depression. 

In this investigation, three materials were outstanding as pollen 
diluents in regard to the pollen maintaining its viability in storage. 
Powdered milk (non-fat), egg albumen and lycopodium all appear to 
have equal merit, with the first two being more readily available and 
less expensive than lycopodium at the present time. Only very limited 


TABLE VII — Germination of Apple Pollen Mixed With a Diluent 
AND Stored at 34 Degrees P and 25 Per Cent Relative Humidity 


Diluent 


Per Cer 

It Germination 


Apr 16 

Apr 28 

Nov 15 

Nov 24 

Nov 25 

Lycopodium 

Powdered milk 

80 

70 

80 

70 

so 

65 

75 

75 

75 

80 

Egg albumen 

75 

80 


76 

80 

Lactose 

70 

65 

30 

70 

70 

Sodium casemate 

35 

30 

30 

35 

20 

Maltose 

SO 

45 

50 

60 

50 

Bacto dextrose 

50 

45 

35 

60 

30 

Bacto agar 

60 


30 

30 

35 

Diastase 

40 

45 

30 

30 

26 

No diluent 

87 

85 

40 

85 

40 
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field trials have been made with these materials. From these limited 
trials, it can be said that they show definite promise as practical pollen 
diluents, however, more extensive field applications must be made be- 
fore they can be shown to have a place in this capacity. 

Several of the sugars such as lactose, maltose, bacto dextrose and 
materials such as bacto agar, sodium caseinate and diastase showed 
promise as diluents, but do not appear to be practical at the present 
time. 

Some materials such as casein and agar agar did not show the 
promise that was expected, possibly because of improper particle size 
or improper handling. With the promise shown by such readily avail- 
able materials as powdered milk and egg albumen, casein and agar agar 
probably would not prove practical as pollen diluents. If powdered 
milk and egg albumen perform as well in extensive field trials as they 
have in limited field trials, in pollen storage and germination studies, 
they will be the most practical pollen diluents of the materials tested. 

One outstanding feature shown in Table VII is that where the 
pollen was stored with the three diluents, powdered milk (non-fat), 
egg albumen and lycopodium, the viability of tlie pollen was maintained 
at a higher percentage than that of the pollen stored alone. This may be 
due to the diluent providing a more favorable medium for storage in 
regulating moisture and air relationships. 

The problem of obtaining diluents for mixing with pollen is one that 
will require further study to make the application of pollen to fruit trees 
by rapid artificial means practical. 
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Pollination of Native Crab Apples of the 
Northeastern United States 

By F. C. Bradford, [/. vS*. Dept, oj Agriculture, Glenn Dale Md., 
and R. H. Bradford, University oj Maryland, 

College Park, Md. 

I N 1946 pollen of common apple was applied to blossoms of a native 
crab apple, P.I. 159890,^ collected near Newark, Delaware, by F. L. 
O’Rourke, at the time in the employ of the Soil Conservation Service. 
After considerable injury to the earlier bloom from frost, the later 
blossoms set well, but their seed content was very meagre, the means 
from hand pollination varying between 1.0 and 1.9 per fruit. The later 
opening blossoms produced seedless fruit, though pollen known to be 
good had been applied. Of 45 open-pollinated fruits 23 were seedless 
and the mean vras 0.98 seed per fruit. Two types of seedlings de- 
veloped; either they were very vigorous and apparently replicas of 
the seed parent plant or they were weak, most of them dying within 2 
years in the seed row. These considerations, together with several 
characteristics of the parent plant, as shape of leaf and blossoming 
season, suggested that this form was Mains platycarpa, as defined by 
McVaugh (4). According to his view this species is a hybrid between 
common apple and the native crab, either M. coronaria or M. angusfi- 
folia. If coronaria is the ancestor the seedlings from selfing are apo- 
gamous and seedlings from pollination with common apple would be 
aneuploid. Since several considerations make desirable the exploration 
of the possibilities of hybrids between the native species and common 
apple, this behavior merited further study. 

Experimental work with eastern forms of the native crab is rel- 
atively meagre. Sax (6) found Malus platycarpa to be self-sterile. 
Stout (7) reported complete failure to obtain set with selfing of M. 
co7'‘onaria. Only 10 per cent of the grains germinated but those that 
did germinate made good growth. From the wording of the legend to 
the figure of M. coronaria it appears that Stout did not regard the 
finding as necessarily representing the whole species. Crandall (1,2) 
had very little success in breeding from M. coronaria. From work on 
one tree, he reported (2) “from experience thus far gained it appears 
that want of vitality in seedling progeny is a complete bar to improve- 
ment in apple varieties through use of M. coromria as the female 
parent in crosses”. When used as pollen parent, aside from some pol- 
linations on Stayman Winesap, a triploid variety, from 26 blossoms 
pollinated the net result was one seedling which "'will probably reach 
fruiting maturity”. He commented (1) on the large size of pollen 
grains of M. coronaria. Nebel (5) found M. coronaria to have 68 
chromosomes; Lincoln and McCann (3) reported a like number for 
M. corofiaria and M, platycarpa. Dr. Haig Dermen of the United 
States Department of Agriculture has informed the writers (verbal 
communication) that of the two platycarpas examined one was triploid 

^Accession number of Division of Plant Exploration. 
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and one tetraploid and the two presumed coroiiarias examined were 
triploid. 

The material available for the present study in 1949 was grown from 
seed collected by McVaugh (4) and for the most part it is growing 
where it was lined out in nursery rows in 1942. Though progenies 
differ considerably in growth habit, the uniformity within each progeny 
is striking. They are : 


P. L 
Number 

Me Vaugh 

Herbarium Number 

Species 

Collected at 

139235 

5441 

Malus platycarpa 
Malus species* 

Arlington, Va. 

139237 

5447 

Dromgold, Pa. 

139238 

5448 

Malus species* 

Dromgold, Pa. 

139427 

5462 

Malus platycarpa 
Malus species* 

Baltimore, Md. 

139428 

5473 

Somerset, Pa. 

139429 

5481 

Malus species* 

Ridgeway, Pa. 

139431 

5484 

Malus species* 

Port Allegany, Pa. 

139432 

5485 

Malus species* 

Port Allegany, Pa. 

139435 

5494 

Malus species* 

Lick Brook, N. Y. 

139478 

5497 

Malus platycarpa 

Ballston, Va. 


* Apparently Malus coronaria. 


Also used in this study were; P.I. 127693, Mahs ioensis from Elk 
River, Minn.; 127701, M". ioensis from Nevis, Minn.; 127712, Zafta 
(ioensis x Bismarck), a tetraploid; all were obtained from Hansen. 
Niewland (182831) is a coronaria form with double flowers (8) and 
with seven carpels. Arrow (148703), one of the Rosybloom series, a 
hybrid between M. sylvestris Var. Niedswetzkyana and M. haccata, 
was obtained from Dr. M. B. Davis, Dominion Horticulturist, Ottawa, 
Ontario. The common apple was represented by: Amere de Berthe- 
court (127311), Foxwhelp (131598) and Knotted Kernal (131600). 
Except in 139235, where scarcity of bloom forced the use of three trees 
to represent the number, one tree of each variety was used. 

After some preliminary testing, pollen was germinated in 15 per cent 
cane sugar in hanging drop. The results are presented in Table I, along 
with data on the average number of seed per fruit in the 1947 and 1948 
open-pollinated crops. There were only six seedless fruits in the 1947 
crop and two in the 1948 crop. There is no clear connection between 


TABLE I — Pollen Germination in 1949 and Mean Number of Ap- 
parently Good Seed Per Fruit (1947 and 1948) 


P. I, 

Pollen^ 

1947 

1948 

Number 

(Per Cent) 

Number 

Fruits 

Average No. 
Seed Per Fruit 

Number 

Fruits 

Average No. 
Seed Per Fruit 

139235 

52 

13 

3.3 

65 

3.9 

139237 

5 

58 

4.2 

48 

3.0 

139238 

45 

— 

. — 

27 

3.7 

139427 

0 

5 

0.6 



139428 

10 

9 

3.9 

77 

4.6 

139429 

1 

— 


47 

3.1 

139431 

40 

29 

3.2 

52 

4.7 

139432 

37:40 

— 




139435 

25 







139478 

0:5 

28 

3.9 

45 

3.9 

182831 

26 

— 

— 
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pollen germination and seed number, such as distinguishes, in a rough 
way, triploid from diploid forms in the common apple. Pollen was 
noted at the time of extraction as especially abundant in 139235 and 
139431.^ 

A curious deviation in order of blossoming in the cluster has been 
repeatedly observed in both Mains ioensis and the northeastern forms. 
While the order in the common apple is from the central blossom 
centrifugally, in the native crabs the order is for the “terminal’' blos- 
som to open first, then the basal and so on in centripetal order. 

Pollinations were made uniformly on clusters reduced to two blos- 
soms. Twenty blossoms per cross was planned as the standard treat- 
ment ; a few cases, because of accident, fell below this number, but more 
were slightly above. Sixty-two blossoms were used in selfing 139427 ; 
in 139431 selfing was done on 70 blossoms and 58 were devoted to its 
cross with 139478. For selfing of 139478 a total of 108 blossoms were 
used. Pollen was applied at time of emasculation; this may have re- 
duced the set somewhat but was necessary if the whole series ^vas to 
be studied. One pound paper sacks were used to cover the blossoms. 
Selfing was mostly without emasculation and without application of 
pollen. In a few" cases, not included in the tabulation, blossoms were 
emasculated and sacked without pollination ; no fruit resulted except 
tw"o on 139427. 

The data in Table II show definitely that two of the platycarpas 
tested are without value as pollenizers. This was expected in view of 

TABLE II—Percentage of Set Obtained With Pollen of Malus 
platycarpa, M, coronaria^ M, ioensis and M, sylvesiris 


Pollen Parent 


Female 

Parent 

127311 

127693 

127701 

131600 

139235 

139237 

139427 

139428 

139429 

CO 

S 

CO 

139432 

00 

1 

148703 

182831 

127693 



0 





30 









16 



0 





127701 

— 

— 

0 

23 

23 

— 

— 

— 

i — 

15 

— 

0 

— 


127712 

25 

— 

— 

— 


— 

0 

— 

— 

— 

— 

— 

— 

1 — 

131600 









25 



0 









0 

50 



139235 

30 

— 

— 

45 

16 

— 

— 

— 

— 

— 


0 

— 

— 

139237 

— 

— 

— 

— 

31 

20 

— 

— 1 

— 

50 

— 

— 

— 

— 

139427 

— 

— 

— 

— 

— 

— 

5 

— 

— 

— 

— 

— 

44 

— 

139428 

— 

— 

— 

35 

— 

— 

— 

87 

— 

80 

— 

— 

— 

— 

139429 

— 

— 

— 

27 

55 

— 

— 

— 

60 

43 

— 

— 

— 

— 

139431 

— 

— 

— 

60 

— 

— 

— 

— 

— 

80 

— 

3 

— 

— , 

139432 

— 

— 

— 

— 

— 

20 

— 

— 

— 

— 

18 

— 

— 

— 

139478 

— 

— 

— 

— 

6 

— 

0 

. — 

— 

— 

— 

0 

4 

— 

182831 

— 

— 

— 

12 

— 

— 

— 

— 

— 

— 

— 

— 

— 

14 


their hypothetical origin. Moreover, for 139478 we have Dermen’s re- 
port that it is a triploid ; 139427 appears to be also a triploid. The third 
platycarpa, 139235, however, is a good pollenizer ; it was reported by 
Dermen to be a tetraploid. This is not strange if we consider that this 
form is a hybrid of Malus angustijolia, which has been reported (3) to 
have 34 chromosomes. McVaugh mentions observing traces of M. 
angustifolia in the foliage of the parent tree. 

None of the other crabs of the northeastern type tested gives evi- 
dence of self unfruitfulness, despite the poor pollen germination of 
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139237, 139428 and 139429. The self unfruitfulness of the two ioensis 
forms is in accord with Crandall’s (2) findings. 

There is still much to be learned about the native crab. Dermen’s 
tentative detei-mination of 139236, Mahis coronaria, from Duncannon, 
Pennsylvania as triploid, has not been tested because of the scarcity of 
bloom; 139431 is still an apparent anomaly. Dermen reports it tenta- 
tively to be triploid and this is borne out by the inferior growth of the 
few seedlings available, but its pollen germination and its behavior as 
pollenizer do not square with triploidy. Finally, a lot of 34 seedlings 
of 139237, 139428 and 139434, the last a coronaria type from Lick 
Brook, New York, from pollinations with common apple, now in their 
second year, bear no evidence of anything but M. coronaria; here is 
suggestion of apomicty. Since most varieties of common apple are 
through blossoming when the coronarias begin to bloom, pollination 
of common apple with coronaria, except by storage of the pollen from 
one year to the next, is difficult. 
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Five-Year Performance of Several Apple Varieties 
on Mailing Rootstocks in Michigan^ 

By H. B. Tukey and R. F. Carlson, Michigan State College, 

East Lansing, Mich. 

B ecause of the commercial interest in apple trees smaller in size 
than standard trees on vigorous rootstocks, and because little in- 
formation is available on the performance of smaller trees under Mid- 
dle Western conditions, the following preliminary data are presented* 
They give the record of seven varieties of apples on eight Mailing 
rootstocks growing under Michigan conditions during five growing 
seasons. 

Materials and Methods 

The Mailing rootstocks used in these trials were raised as layers at 
Geneva, New York, from material secured from the East Mailing 
Research Station in England. Nursery trees were budded on these 
rootstocks, and grown to 2-year size also at Geneva, New York. The 
combinations selected for trial were those that from previous experi- 
ence (3) might be considered promising for commercial fruit produc- 
tion, namely, McIntosh/I, McIntosh/II, McIntosh/IV, Mclntosh/V, 
McIntosh/VII, McIntosh/XII and McIntosh/XIII ; Cortland/II, 
Cortland/IV, Cortland/V, Cortland/VII, Cortland/XII and Cort- 
land/XIII; Fameuse/XII; Northern Spy/VII; Wealthy/XII and 
Wealthy/XVI ; and Golden Delicious/XIIL 

The trees were planted as 2-year-olds in the spring of 1945 at East 
Lansing, Michigan in 18 rows of 10 trees of the same variety and root- 
stock, totalling 180 trees. They were planted 15 feet apart in rows 20 
feet apart so as to provide ample space for standard tillage and spray- 
ing operations. 

The soil in the orchard is relatively light as compared to the heavier 
soils of western New York where other tests have been conducted (3) . 
It is classified as a Hillsdale sandy loam graduating to a Granby sandy 
loam, the subsoil being a sandy clay. The soil is vrell drained, in good 
physical condition and generally favorable to tree growth. 

The average annual rainfall in Michigan is about 30 inches, but is 
not well distributed during the growing season. Drouthy conditions 
are not uncommon in mid-summer. The rainfall during the seasons of 
1945, 1947 and 1949 was above average and was relatively high during 
the summer months (table I). On the other hand, the summer of 1946 
was one of extreme drouth, the total rainfall for July and August 
being only 1.13 inches, and the entire year only 23.50 inches. The rain- 
fall in 1948 was also low, with deficiencies from July to November. 

The monthly temperatures are given in Table II. As can be seen 
from the table, the winter temperatures during the S-year period were 
not extreme. The lowest temperature was —12 degrees F in 1948. The 
summer temperatures too, were favorable except for relatively high 
temperatures in July and August in 1946 and 1948, associated with 
unusually dry weather during these two seasons. 

^Journal article No. 1110 of the Michigan Agricultural Experiment Station. 
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TABLE I — Monthly Precipitation for the Period 1945-1949 In 
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*Weather data furnished by the Weather Bureau of the United States Department of Commerce. Lansing, Michigan. 
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The orchard was well sprayed during the five seasons according to 
standard spray programs and was free from insect and disease trou- 
bles. The trees were pruned when planted but no pruning was done 
thereafter except for the removal of an occasional misplaced branch 
or shoot. 

Clean cultivation was practiced each year until August, when a cover 
crop of oats and buckwdieat were sowm. The cover crop was grown so 
as to help mature the trees and to provide a rough cover during the 
winter. It was disced into the soil as early as possible each spring. 
Nitrate of soda was applied at the rate of 1 to 3 pounds to each tree 
just as growth was beginning each spring. 

Results 

General Observations : — From 180 trees planted all grew and sur- 
vived the first season. Except for the destruction of six trees by tillage 
equipment in 1946, all trees were alive and growing well at the end of 
five seasons. In comparison with standard commercial nursery trees 
on seedling rootstocks, the growth and survival were outstanding. No 
incompatibilities or uncongenialities were observed (4). The trees in 
each stock-scion combination were remarkably uniform as recorded 
in trunk diameter and height, spread, and general conformation. They 
were likewise similar in precocity and degree of blossoming and fruit- 


TABLE III — ^Trunk Circumference (6 Inches Above Ground), Height, 
AND Width of Eighteen Stock-Scion Combinations of Apple Trees 
AT Completion of Five Season’s Growth (Average of Ten Trees) 


Mailing 

Rootstock 

Trunk Circum- 
ference 
(Cm) 

Tree Height 
(Feet) 

Tree Spread 
(Feet) 

Remarks 


McIntosh 



I 

1 25.5 

8.6 

8.0 

Upright 

II 

1 25.4 

8.4 

8.2 

Upright 

IV 

25.4 

9.0 

8.5 

Upright 

V 

26.9 

95 

8.0 

Upright 

VII 

25.3 

7.2 

8.0 

Upright 

XII 

28.2 

11.2 

9.6 

Upright 

XIII 

27.7 

92 

9.0 

Upright 


Cortland 



II 

26.2 

9.2 

9.5 

Spreading 

IV 

27.0 

8.2 

10.0 

Spreading 

V 

23.2 

lO.S 

10.5 

Spreading 

VII 

23a 

6.2 

7.5 

Spreading 

XII 

26.1 

11.0 

9.5 

Spreading 

XIII 

25.2 

8.9 

9.0 

Spreading 


Fameuse 



XII 

1 25.7 

1 9.0 

1 7.0 ! 

1 Upright 


Golden Delicioas 



XIII 

1 25.3 

1 9.0 

1 8.0 

1 Upright 


Northern Spy 



VII 

f 25.2 

1 9.2 

1 7.5 

1 Upright 


Wealthy 



XII 

1 24.9 

1 11-0 

1 8.0 

I Upright 

XVI 

1 23.0 

1 11.0 

1 8.2 

1 Upright 




140 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


ing and in habit of fruiting. There was no injury or retarded growth 
from either the winter cold or summer heat or drouth experienced. 
Severe winds in September of 1947 caused no disturbance except in 
the case of trees on Mailing IV which blew over to some degree and 
required staking (1). The conditions provided give additional infor- 
mation on the range of adaptability of the Mailing apple rootstocks. 

Tree Sise : — In Table III are given the trunk circumference, height, 
spread, and general shape of the trees. In general, the size relationships 
between the various stock-scion combinations are similar to those re- 
ported in New York (3) and New England (2). They are presented 
graphically in Figs. 1 and 2. 








Fig. 1, Comparative size of trees propagated on different Mailing stocks with 
total yield (pounds) of 5-year-old trees. 
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Fig. 2. Comparative size of trees propagated on different Mailing stocks with 
total yield (pounds) of S-year-old trees. 


With the McIntosh variety, the largest trees were those on the 
Mailing XII rootstock, followed closely by those on Mailing XIIL 
Next smaller, but not widely different from each other, were trees on 
V, IV, I and II in descending order. Trees on Mailing VII were the 
smallest of all 

With the Cortland variety, the largest trees were again those on the 
Mailing XII rootstock, followed by those on II, IV, XIII, and V in 
that order. The smallest trees again, were on the Mailing VII root- 
stock. 

Northern Spy, which is a strong-growing variety was larger on 
Mailing VII than were either McIntosh or Cortland on this rootstock. 
On the other hand, the relatively weaker growing Wealthy variety 
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was smaller on Mailing XII than were either McIntosh, Cortland, or 
Fameuse. 

Blossoming : — The records of blossoming, shown in Table IV, fol- 
low closely an inverse relation to size of tree as shown in Table III. 
That is, the more precocious stock-scion combinations were generally 
the smaller trees. Trees on Mailing VII were most precocious, fol- 
lowed by those on I, II, IV, V, XIII and XII in that order. However, 
there was a tendency for Golden Delicious on Mailing XIII to he 
relatively earlier than McIntosh on this same rootstock and Spy on 
Mailing VII came into blossoming comparatively early. 


TABLE IV — Flowering and Yield of Eighteen Stock-Scion Combina- 
tions OF Apple Trees in Malling Rootstocks, Planted in 194t5 
(Average of Ten Trees) 


Mailing 

Flowering 

Yield (Pounds) 








Rootstock 









1947 

1048 

1949 

1947 

1948 

1940 

Total 




McIntosh 




r 

L’i* 

L 

P 

2.0 

2,8 

78..5 

83.3 

II 

L 

L 

M 

3.2 

2.6 

27.8 

33.0 

IV 

0 

L 

F 

0.0 

0.2 

44.2 

44.4 

V 

0 

L 

M 

0.0 

0 1 

25.1 

25.2 

VII 

VL 

M 

F 

0.0 

7.1 

59.6 

06 7 

XII 

O 

0 

L 

0.0 

0.0 

1.2 

1.2 

XIII 

0 

0 

L 

0.0 

0.0 

3.5 

3.5 




Cortland 




11 

L 

M 

P 

9.6 

10.3 

Gl.2 

81.1 

TV 

0 

L 

P 

0.0 

2.3 

78.4 

80,7 

V 

VL 

M 

F 

0.0 

4.2 

31.3 

35,5 

VII 

L 

M 

P 

1.7 

10.2 

30.9 

42.8 

xn 

O 

L 

M 

0.0 

0.0 

14.1 

14.1 

XIII 

O 

L 

M 

0.0 

0.3 

5.1 

5.4 




Fameuse 




XII 

1 0 

I 0 1 

L 

0.0 

1 0.0 

I 0,7 

1 0.7 




Golden Delicious 




XIII 1 

1 VL 1 

1 0 1 

M 

0.0 

1 0.0 i 

1 40.7 

1 40.7 




Northern Spy 




VII 

1 0 

1 0 

L 

0.0 

1 0.0 

1 11.2 

' 11.2 




Wealthy 




XII 

1 VL 

1 0 

M 

0.0 

1 0.0 1 

1 72.4 

1 72.4 

XVI 

1 0 

1 0 

M 

0.0 

1 0.0 1 

1 59.0 

1 59.0 


* O No flowers. 

L « Few flowers. 

VL » Very few flowers. 

M =» Medium flowering. 

P » Full flowering. 

Fruiting : — The yields of fruit, shown in Table IV, parallel closely 
the blossoming record and are likewise in inverse relation to size of 
tree. They are presented graphically in Figs. 1 and 2. Again Malling 
VII, I, and II tended to produce the most precocious fruiting, followed 
by IV, V, XIII and XII. Yet it is not possilile to generalize more free- 
ly. Each scion exhibited characters peculiar to itself. Thus, McIntosh/ 
I bore more heavily at an earlier age than did any other of the Mc- 
Intosh combinations, with McIntosh/VII next, followed by McIn- 



TUKEY AND CARLSON : APPLE ROOTSTOCKS 


143 


tosh/IV. Yet with the Cortland variety the performance on ^Mailing 
IV and Mailing VII were reversed, that is Cortland/I\" bore more 
heavily the fifth year in the orchard than did Cortland;^ VI I . This dif- 
ference is associated with the fruiting habits of these two varieties. 
The McIntosh tends to form a heavy spur system which bears a heavy 
crop of fruit once the system is established. Cortland on the other 
hand carries considerable of its crop terminally. 

Cortland/XIII was slower to come into bearing under Michigan 
conditions than under New York conditions (3). On the other hand 
Golden Delicious appeared a precocious fruiting variety on Mailing 
XIII. 

The Wealthy variety, which is characteristically early-bearing, was 
early-bearing on both Mailing XII and Mailing XVI. 

The tendency for trees on Mailing IV to exhibit poor anchorage and 
to be blown over by strong winds is in agreement with other reports 
( 1 ) and definitely limits the usefulness of this rootstock. 

Mailing VII produced a small and precocious tree. Even the late- 
bearing Northern Spy, bore fruit the fifth year. This rootstock seems 
useful where trees are desired which are decidedly small and early- 
bearing but which are more substantial than those on Mailing IX. 

Summary 

Eighteen stock-scion combinations of apple trees on Mailing root- 
stocks, involving 180 trees, responded favorably to growing conditions 
in Michigan on a relatively ligfa soil and during two drouthy seasons. 
They grew vigorously and developed and fruited in about the same 
relationships as observed in other locations in eastern United States. 
In size, the largest trees were those on Mailing XII, followed in de- 
scending order by Mailing XIII, then by a group comprising Mailing 
V, IV, I, and 11, with trees on Mailing VII the smallest. In blossom- 
ing and fruiting precocity was in reverse order, with the earliest- 
bearing on the Mailing VII rootstock, followed by Mailing I and II, 
w^hich in turn were followed by Mailing IV, V, and XIII, with Mail- 
ing XII the most tardy. Mailing XIII appeared a precocious root- 
stock for Golden Delicious but relatively less so for Cortland. Mailing 
VII produced both small and early-bearing trees which are more sub- 
stantial than trees on Mailing IX. Cropping is associated with the 
bearing habits of the variety, in which McIntosh bears heavily on 
strong spur development and Cortland less heavily on terminals. 
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Sixteen Years’ Results of Orchard Tests with Apple Trees 
on Selected Rootstocks, Keameysville, W. Va,^ 

By R. H. Sudds, West Virginia University, Morgantown, W. Va. 

T his report presents additional results of apple rootstock research 
conducted at Keameysville, West Virginia, by the West Virginia 
Agricultural Experiment Station. The particular planting covered by 
this report is designated as block A. 

While the first paper (2) should be consulted for more complete 
details, a very brief review of the more essential facts is given here. 

In this orchard, the scion varieties, Gallia Beauty, Starking, Stay- 
mared, and York Imperial, were budded both on seedling and on 
clonal rootstocks. 

The seedling rootstocks were from open-pollinated seed from the 
varieties Delicious, Grimes Golden, Jonathan, McIntosh, Northern 
Spy, Rome Beauty, Wealthy, and Winesap. French Crab also was 
represented in this orchard. 

The clonal rootstocks were the clone Northern Spy; East Mailing 
I, XIII, and XV ; and five clones from the United States Department 
of Agriculture, designated by the numbers 313, 316, 317, 323, and 
329. 

The trees were planted 20 by 20 feet apart in units of six trees on 
each rootstock and with a few exceptions these units were distributed 
in four places in the orchard. Rootstocks 316 and 329 were in alternate 
third rows to serve as standards with which to compare the others. In 
the majority of the scion-rootstock combinations, the original 24 trees 
were reduced by losses, but in some combinations the number re- 
mained until the fillers of the Starking, Stayniared, and Yoi'k Im- 
perial varieties were removed in the winter of 1941-42. The fillers of 
the Gallia Beauty variety were cut after the 1942 season. As block A 
stood in 1948, the greatest possible number of trees of any of the 
combinations other than 316 and 329 was 12, a figure attained only 
in occasional instances. 

During the dormant season following the 1948 crop, the semi- 
permanent trees were removed except in the Gallia Beauty sections 
in which crowding was not yet a problem. For this reason, there will 
be no more records of any sort from block A for Starking, Stayniared 
and York Imperial worked on 316, 313, East Mailing I, among the 
clones. With the seedling rootstocks, Jonathan, Wealthy, McIntosh, 
Rome Beauty, and Northern Spy worked to the same three scion 
varieties have also disappeared. The experimental layout of block A 
has been disappointing in certain respects. Not the least of the short- 
comings is the planting plan which uses as semi-permanents scion- 
rootstock combinations not available in the permanents. In removing 
the semi-pernianents, therefore, half of the rootstocks have been lost, 
including sonie of the most interesting ones, while several worthy of 
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discard have to be retained simply because of position in order to have 
a more or less regularly planted orchard with no '‘border effects*'. 

Yields Through the 1948 Season 

Table I presents the average total yield per tree for all varietal and 
rootstock combinations from the initiation of bearing through the 
1948 season in comparison with the yields of the adjacent trees on 329. 

Of the four varieties in block A, Starking and Gallia Beauty are 
least sensitive to rootstock effects while Staymared and York Im- 
perial are most affected. 

Starking : — ^The yields of the Starking trees are still the lowest of all 
four varieties. This need occasion no surprise. 

After the 1948 crop, only Starking/Delicious and Starking/East 
Mailing XIII were significantly lower in production than the com- 
parisons on 329. 

Starking/Jonathan has lost its former significantly superior yield 
over Starking/329, as has Starking/317. 

The other Starking/rootstock combinations hold about the same 
relative ranks as in 1944 (1), when the previous report was published. 
Some have tended to rise and others to fall, but the high standard er- 
rors render most of the changes insignificant. 

Gallia Beauty : — ^The Gallia Beauty trees have continued unex- 
pectedly to hold their lead in production over the other three scion 
varieties, this in spite of their generally smaller tree size. 

The only significant differences between the various combinations 
is with Gallia Beauty/East Mailing I and Gallia Beauty/Jonathan; 
both of which have produced significantly less than the Gallia Beauty/ 
329 comparisons. 

Gallia Beauty/317 and Gallia Beauty/323 have both lost their for- 
merly significant margins over Gallia Beauty /329. 

York Imperial : — York Imperial/317 and York Imperial/323 have 
both lost their significant superiority over York Imperial/329. 

York Imperial/French Crab, after 1944 significantly low^er in yield 
than York Imperial/329, no longer holds that low position. On the 
other hand, York Imperial/Rome Beauty and York Imperial/East 
Mailing XIII are both significantly inferior in yield to 329. Trees on 
Grimes Golden seedlings, Northern Spy clone and East Mailing I are 
dwarf trees with very poor yields. This development was evident prac- 
tically from the beginning of their orchard life. 

Other than the few instances discussed, the relative ranks and sig- 
nificances have remained much the same. 

Staymared: — Staymared/Northern Spy Clone has lost its 1944 su- 
periority over 329. No rootstock now exceeds 329 in yield when 
budded to Staymared. 

Worked to Staymared, East Mailing XV, French Crab, Wealthy, 
Delicious, 313, and Winesap have significantly lower yield records 
than 329 through 1948. All of these significances have developed since 
1944. 
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Also with Staymared, East 3^Ialling XIII, Grimes Golden, Rome 
Beauty, and ]\IcIntosh continue their relatively low yields as compared 
with Staymared 329. 

Other combinations show no significant changes. 

Trunk Circumference After the 1948 Season 

Table II presents the average trunk circumferences after the 1948 
season for each varietal and rootstock combination in comparison with 
the circumferences of the adjacent trees on 329. 

The trunk circumferences have not varied nearly as widely as have 
the yields. In numerous instances, there are significant differences in 
trunk circumferences between the same variety on 329 and on a par- 
ticular rootstock with which yields fail to give a significant difference. 

A comparison of Tables I and II will show that while there is a 
tendency for a heavier yielding combination to have a larger trunk 
circumference and, inversely, for a lighter producer to have a smaller 
girth, such generalizations do not always hold true for a specific 
instance. 

TABLE I — Average Total Yields in Pounds Per Tree of 16 Year-Old 
Apple Trees on Known Rootstocks at Kearneysville, West Vir- 
ginia (Trees on Each Rootstock Compared With Those on Adjacent 
No. 329 Rootstock as Standard) 




M 

D 

S.B.D. 

Rootstocks 

N* 

M 

D 

S.E.D 


Gallia Beauty 



Starktng 




McIntosh (s) , . . 

7 

3,142 

+686 

652.0 

E,M.XV (c) . . . 

8 

1,374 

H 

h405 

263.5 

316(c) 

36 

2,863 

+542 

144.4 

Wealthy (s) 

8 

1.262 

- 

-293 

291.0 

317(0) 

10 

2,978 

+522 

291.2 

Jonathan (s) . . 

8 

1,234 


-265 

283.1 

E.M. XV (c) . . 

12 

3,355 

+376 

618.7 

317 (c) 

9 

1,416 

- 

-188 

199.4 

323 (c) 

10 

2,510 

+323 

369.8 

313 (c) 

6 

1,304 

- 

-112 

220.3 

Rome (s) ... 

9 

2,414 

~ 42 

296.9 

E.M. I (c) 

11 

1,169 

- 

- 75 

150.7 

E.M. XIII (c) . 

n 

2,375 

- 80 

281.7 

316 (c) 

32 

1,150 

- 

- 9 

104.2 

Winesap (s) . . . . 

8 

2,013 

-139 

294.1 

N, Spy (c) . . . . 

12 

1,125 


- 67 

203.4 

313 (c) . ... 

11 

1,986 

-166 

220.6 

323 (c) . 

9 

1,013 


- 81 

171.5 

Delicious (s) 

11 

2,003 

-184 

215.5 

McIntosh (s) . . . . 

10 

1,125 


-103 

194 8 

Grimes (s) ... 

10 

2 133 

-323 

198.3 

N. Spy (s) . . 

9 

965 


-227 

191.1 

N. Spy (s) . - . . , 

10 

1.815 

-337 

253.3 

Fr. Crab (s) . . . . 

8 

706 


-263 

261.1 

N. Spy (c) , , . 

10 

1,720 

-432 

218.8 

Rome (s) 

11 

925 


-303 

168.7 

E. M. I (c),.,. 

7 

1,672 

-515 

229.0 

Gnmes (s) 

9 

896 

-332 

239.3 

Jonathan (s) . . 

9 

2,448 

-531 

323.3 

Winesap (s) . , . . 

7 

843 


-349 

297.1 

Fr. Crab (s) . , . . 

11 

2,051 

-928 

315,0 

Delicious (s) ... 

9 

743 


-351 

147.8 

Wealthy (s) 

9 

1,973 

-1,006 

1,075.0 

E. M.XIII (c)... 

7 

671 

-423 

153.4 


Staymared 

i 

York Imperial 




N. Spy(s) .... 

10 

2,088 

+202 

141.4 

317 (c) 

12 

2.738 

+283 

217.4 

N. Spy (c) ' 

11 

2,031 

+145 

179.4 

323 (c) 

10 

2,315 

-i- 

174 8 

E.M. 1(c) 

9 

2,087 

+ 95 

201.1 

316 (c) 

41 

2,288 


- 11 

119.8 

316 (c) 

39 

2,223 

- 86 

140.6 

Wealthy (s) 

8 

2,356 


- 51 

218.5 

Jonathan (s) . . . . 

11 

2.455 

-139 

217.3 

313 (c) 

9 

1,909 


- 53 

274.4 

323 (c) 

11 

1^762 

-230 

200.1 

N.Spy(s) 

6 

1,895 


- 67 

300.2 

E.M.XV(c). . 

9 

f,287 

-307 

160.3 

Pr. Crab (s) ... 

11 

2,315 


- 92 

272.2 

Pr. Crab (s) . . . . 

12 

2.205 

-389 

199.4 

Jonathan (s) 

11 

2,305 


-102 

244.0 

Winesap (s) . . • . 

10 

1,454 

-432 

192.0 

McIntosh (s) ... 

5 

2,348 


-107 

166.1 

317 (c) 

9 

2,378 

-443 

236.1 

E.M. XV (c) . . . . 

11 

2,142 


-265 

201.5 

Wealthy (s) . . . . 

11 

2,085 

-509 

172.0 

Winesap (s) 

4 

1,648 


-314 

219.7 

E.M, XIII(c) , . . 

9 

1,436 

-556 

168.3 

Delicious (s) . . , . 

6 

1,801 

-486 

211.1 

Delicious (s) . . . . 

9 

1,406 

-586 

238.4 

Rome (s) 

9 

1,954 


-501 

171.1 

313(c) 

9 

1,296 

-590 

164.1 

Grimes (s) . ... 

9 

1,655 


-800 

202.9 

Grimes (s) .... 

7 

2,105 

-716 

219.5 

E.M.XIII(c)... 

8 

1,444 


-843 

300.4 

Rome (s) 

7 

2,011 

-810 

254.9 

N. Spy (c) 

5 

865 

-1,097 

281.0 

McIntosh (s) , . . 

3 

1,953 

-868 

316.3 

E.M. I (c) 

10 

731 

-1,556 

146.3 


*N « numte of tre^; M = average total yield m pounds per tree (from start of bearing 
thTp^n the 1948 season). D =* differences from the yield of the given variety on 329 rootstock. 
S.B.D. =« standard error of the differences, (c) = clone, (s) = seedling. 
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TABLE II — ^Average Trunk Circumferences in Millimeters of 16- 
Year-Old Apple Trees on Known Rootstocks at Kearneysville, 
West Virginia (Trees on Each Rootstock Compared With Those 
ON Adjacent No. 329 as Standard) 


Rootstocks 

N* 

M 

D 

S.E.D. 

Rootstocks 

N* 

M 

D 

S.E.D. 


Gallia Beauty 



Starking 



Jonathan (s) ... 

9 

693 

+ 1 

27.3 

Jonathan (s) . . . . 

8 

919 

+75 

58.6 

McIntosh (s) . . . 

7 

695 

-11 

23.3 

Fr. Crab (s) .... 

8 

869 

+25 

46.6 

Fr, Crab (s) ... 

11 

679 

-12 

30.9 

Delicious (s) 

9 

865 

+16 

53.9 

Rome (s) 

9 

691 

-14 

33.9 

E.M. XV (c).... 

8 

837 

-7 

48.4 

E.M. XV (c) . . 

12 

676 

-15 

17.9 

Wealthy (s) . . . 

8 

822 

-21 

40.9 

Delicious (s) ... 

11 

694 

-17 

20.8 

E.M. I (c) 

11 

826 

-22 

41.8 

316 (c) 

36 

688 

-18 

13 4 

313 (c) 

6 

871 

-23 

36.3 

323 (c) 

10 

689 

-22 

35.5 

316 (c) 

32 

868 

-29 

22.4 

317 (c) 

10 

680 

-26 

25.3 

N. Spy (s) . . . 

9 

860 

-34 

31.4 

Grimes (s) . . . . 

10 

677 

-29 

20.7 

Winesap (s) 

7 

841 

-53 

59.5 

E.M. XIII (c) . 

5 

674 

-37 

26.5 

Rome (s) 

11 

895 

-62 

38.4 

Winesap (s) 

8 

677 

-40 

13.1 

323 (c) 

9 

770 

-78 

59.5 

N.Spy(s)... , 

10 

652 

-66 

54.3 

N. Spy (c) 

11 

809 

-85 

29.7 

313 (c) 

11 

649 

-68 

36.3 

E.M. XIII (c) .. 

6 

751 

-97 

64.5 

Wealthy (s) . . . . 

9 

615 

-77 

31.1 

Gnmes (s) 

9 

844 

-113 

40.3 

E.M. I (c) 

7 

605 

-106 

44.2 

317 (c) 

9 

841 

-116 

41.1 

N.Spy (c) 

10 

582 

-135 

44.1 

McIntosh (s) 

10 

791 

-166 

29,4 


Staymared 



York Imperial 


E.M. I (c) . . . . 1 

9 

779 

-45 

27.0 

Winesap (s) 

4 

825 

+7 

27.2 

323 (c) 

11 

772 

-52 

25.8 

Jonathan (s) 

11 

856 

0 

33.3 

Grimes (s) 

7 

867 

-52 

30.1 

E.M. XV (c)... 

11 

837 

-IS 

25.1 

Winesap (s) ... 

10 

790 

-59 

25.3 

Fr. Crab (s) ... 

11 

835 

-20 

31.3 

N, Spy (s) 

10 

790 

-59 

25.7 i 

McIntosh (s) 

5 

835 

-31 

36,8 

Jonathan (s) . . 

11 

828 

-75 

36.6 

317(c) 

12 

828 

-38 

20.7 

E.M. XIII (c).. 

9 

744 

-80 

28.4 

316(c) 

41 

815 

~40 

14.1 

Delicious (s) . . . 

9 

741 

-83 

31.6 i 

N. Spy (s) 

6 

775 

-41 

44.7 

316 (c) 

39 

790 

-83 

16.8 


9 

821 

-44 

81.4 

Rome (s) .... 

7 

818 

-102 

27.4 

Wealthy (s) 

8 

792 

-63 

83.3 

Fr. Crab (s) 

12 

800 

-103 

34.9 

Delicious (s) . . . 

6 

793 

-87 

34.0 

N. Spy(c) . .. 

11 

743 

-106 

25.4 

E.M. XIII (c)... 

8 

789 

-90 

30.5 

E.M. XV (c)... 

9 

779 

-124 

32.9 

323 (c) 

10 

780 

-100 

23.3 

Wealthy (s) 

11 

777 

-125 

33,6 

313 (c) 

9 

708 

-109 

47.3 

317 (c) 

9 

791 

-129 

31.3 


5 

643 

-174 

56.8 

313 (c) 

9 

714 

-135 

21.0 


9 

674 

-192 

36.3 

McIntosh (s) . . , 

3 

764 

-155 

43.0 

E.M. 1(c).. . . 

10 

55 

-324 

22.4 


*N = number of trees; M = average trunk circumferences in Mn. D » differences from the 
circumference of the given variety on 329 rootstock. S.E.D. = standard error of differences, (c) *= 
clone, (s) == seedling. 


For example, Staymared/Grimes Golden has a mean trunk circum- 
ference at least as large as on 329. With yields, Staymared/Grimes 
Golden is significantly lower than Staymared/329. 

It had been planned to obtain the top weights of the semi-permanents 
as they were removed. Unfortunately, the platform scales needed were 
not supplied before the funds became unavailable. These valuable data 
were therefore not obtained. 

A Discussion of Certain Rootstocks 

The differential behavior of two or more of the scion varieties when 
worked on certain of the rootstocks in block A stresses once more the 
necessity of testing every combination of varieties and rootstock before 
making any recommendations for combining that pair. This is nothing 
new, but it is an item too often overlooked in practice. Generalizations 
wdth rootstocks are dangerous, unless they are backed by adequate 
research : 

For example, Starking/ Wealthy and York Imperial/Wealthy have 
yielded as well as those two varieties on 329. On the other hand, Gallia 
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Beauty/ W'ealthy is at the bottom of the list with a low yield and a very 
erratic record. With Staymared/Wealthy, the yield is significantly 
lower than that of the same variety on 329. 

The use of seed from Northwestern apple byproducts plants for the 
production of seedling rootstocks continues to be a questionable prac- 
tice if the indications obtained from block A are valid. This seed would 
be chiefly from fruit of the Delicious and Winesap varieties. In this 
experiment only with Gallia Beauty have Delicious seedlings equalled 
the production of the trees on 329. Staymared/Winesap has a signifi- 
cantly louver yield than Staymared/329. Only with Gallia Beauty have 
the Winesap seedlings yielded satisfactorily. 

The two rootstocks, 316 and 329, which were employed as standards 
in planning block A, have very similar yield records when worked to 
three of the four varieties. Only with Gallia Beauty is there any sig- 
nificant difference in yield. This is in favor of 316 over 329. 

French Crab is still a seedling rootstock that can well be left out in 
considering needs of the apple orchards of the future. There has been 
nothing in the performance of French Crab in this orchard to suggest 
that its use be recommended in nurseries of the United States. It is 
recognized that every lot of French Crab seed may be of different 
origin and produce seedlings of quite varying growth characteristics. 

The size of the standard errors of the difference, especially in yield, 
suggests that influences other than stock and scion are the greater. It 
is doubtful, however, if this is always the case. 
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Occurrence of Certain Diseases in Sweet Cherry Seedlings 
Propagated on Stockton Morello Rootstocks 

By Reid M. Brooks and William B. Hewitt, University 
of California, Davis, Calif, 

T he breeding work with sweet cherries has been in progress at the 
University of California Agricultural Experiment Station since 
1935, with some thousands of seeds resulting from numerous crosses. 
V ery few of these seeds germinated because of the difficulties encoun- 
tered in the handling of embryos of early-maturing varieties. Experi- 
ence and refinement in technique resulted in a large number of plants 
in 1941 that had to be taken care of the following year. In order to 
propagate these seedlings and to evaluate the fruit of them as soon as 
possible, it was decided to bud each seedling on vegetatively propa- 
gated Stockton Morello, a clone of Primus cerasus. This clone is known 
to dwarf trees and has been used successfully in California as a root- 
stock for the growing of sweet cherry varieties in heavy soils. 

Nursery trees produced from rooted suckers of Stockton Morello 
were secured from a nurseryman. A bud from each seedling tree was 
placed in an individual Stockton Morello tree in August 1941 ; the 
trees were transplanted from the nursery to the orchard in January 
1942. Some of these budded seedling trees fruited in 1946, a few more 
in 1947, and the majority of them produced sizable crops in 1948. In 
1946 it was noticed by the late Professor Guy L. Philp, who had been 
in charge of the cherry breeding project since its inception at this 
Station, that several of the trees -were showing disease. 

Symptoms similar to a new disease of sweet cherries first reported 
in California in 1946 by Milbrath (3) and later referred to as “blister’* 
by Allstatt (1) were observed in a few trees in this block in the spring 
of 1947. During the following spring and early summer, the entire 
block of 726 trees, representing 54 crosses, was examined and mapped 
for various diseases (Table I). The most important disease found was 
cherry blister. 

Blister : — ^The symptoms of cherry blister have some characters in 
common with those described from Utah under the name of rusty 
mottle by Rhoads (6, 7), by Richards and Rhoads (8), and a rusty 
mottle-like disease by Reeves and Richards (5). The disease is gen- 


TABLE I — Diseases and Number of Cherry Trees Infected in a 
Seedling Orchard Propagated on Stockton Morello, Davis, Cali- 
fornia 


Disease 

1 Number of 
Crosses Showing 
the Disease 

Number of 
Infected Trees 


24 

4 

13 

1 

1 

Diseased trees 
Clean trees 

Total 

162 

25 

23 

2 

2 

214 * (29.4 per cent) 
512 == (70.6 per cent) 

726 

Pasciation or witches broom 

Crinkle leaf ... 

Pinto leaf mosaic 

Big node 
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erally considered^ distinct from the rusty mottle described by Reeves 
(4 j in \\’ashington and mild rusty mottle descrilied by Zeller and Mil- 
brath (10) from Oregon. Leaves of some trees showed yellowing with 
rings of green tissue, varying degrees of chlorotic mottling and pre- 
mature leaf fall. Leaves of other trees showed rusty spots and varying 
amounts of necrotic spots which often fell out leaving a shot hole effect. 
]Many of the trees had leaves which showed only the symptom of 
chlorotic spots that became necrotic. These latter symptoms usually 
appeared in leaves extending from varying positions on the new shoots 
to the growing tips. 

Diseased trees, often sparse in foliage, showed wilting and often 
dying and sloughing of fruiting spurs along the larger branches leaving 
the branches with foliage principally at the extremities. 

In addition many of the trees had blisters of varying sizes in the bark 
along the limbs. These blisters were found most prevalent along the 
branches which had leaves with necrotic spots. 

Two varieties of sweet cherries, Bing and Lambert planted in this 
block, were propagated on some of the same lot of Stockton Morello 
rootstock. These developed varying degrees of cherry blister symptoms 
even though the original trees from which the propagating wood was 
taken have remained free of disease symptoms. The parent trees of all 
the crosses showed no apparent symptoms of this disease. The propa- 
gating wood was taken from the seedlings in the nursery and budded 
directly on the Stockton Morello rootstock. This evidence indicates 
that the occurrence of this disease in this large number of sweet cherry 
seedlings and the two named varieties was definitely linked to the 
particular source of the vegetatively propagated Stockton Morello 
rootstock upon which they were growing. 

Table II shows the crosses in which symptoms of the disease have 
developed and the incidence of the disease in each cross. The wide 
variation in type of symptoms shown by the seedlings of these crosses 
suggest that possibly the degree of symptom expression may be due to 
seedling variation and not due to variation in the causal agent. 

Table III shows the crosses in which no symptoms of disease ■w’'ere 
observed. 

Fasciation or Witches Broom : — This was the next most prevalent 
trouble that appeared in this block of 726 sweet cherry trees. Twenty- 
five of the trees showed varying degrees of fasciation. They have not 
been classified critically as to the types given by White (9). Table IV 
gives the crosses and incidence of fasciation in them ; it is readily dis- 
covered that either Bing or A-10 or both were parents of the fasciated 
seedlings. These represent five crosses out of the 54 under considera- 
tion propagated in this block. 

On affected trees flower and fruit production was almost nil. In only 
two trees were flowers produced in a sufficient quantity (estimated at 
30 per cent of a normal bloom) and in only one tree did the crop 
amount to a few pounds of fruit. The usual situation was the produc- 
tion of 3 to 10 fruits per tree. 


^As noted in a letter from L. C. Cochran. 
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TABLE II — Parentage and Number of Cherry Seedlings Showing 

Blister 


Cross 

Ntim 

Der of Seedlings 

Blister 

Clean 

Total 

A-10 X California 2 (Bing X Sanguinetti) , 

1 

2 

3 

A-10 X Bing . .... 

A-10 X Bush Tartarian , . 

15 

8 

38 

29 

53 

37 

A-10 X Napoleon , 

26 

95 

121 

A-10 X Ord . . 

29 

105 

134 

Bedford X Bush Tartarian . . 

2 

10 

12 

Bedford X Coops 

2 

13 

15 

Bing X A-10 

10 

IS 

28 

Bing X Bedford 

10 

34 

44 

Bing X Bush Tartarian . .i 

2 

2 

4 

Bing X Early Rivers 

1 

4 

5 

Bing X California 46 (Lambert X Bush Tartarian) 

1 

1 

2 

Bush TaHarian X Early Rivers 

1 

0 

1 

Giant X Long Stem Bing (Napa Selection) ... . . ... 

6 

7 

13 

La Cima X A-10 

3 

3 

6 

La Cima X Bassford . 

1 

5 ; 

6 

La Cima X Bush Tartarian ... ... 

4 

14 1 

IS 

La Cima X Oicheart i 

1 

0 1 

1 

La Cima X Windsor i 

1 

1 

2 

Lambert X A-10 i 

7 

22 

29 

Lambert X Long Stem Bing (Napa Selection) | 

19 

30 

49 

Lambert X Deacon . . . . . i 

2 

0 

2 

Lambert X Ramon Oliva 

6 

22 

28 

Napoleon X A-10 

2 

8 

10 

Napoleon X Bigarreau Blanc 

1 

0 

1 

Saylor X Early Rivers 

1 

6 

7 

Totals ... ... 

162 

469 

631 


TABLE III— Parentage and Number of Seedlings Which Showed No 
Apparent Symptoms of Disease in 1948 


Cross 


Total Number 
of Seedlings 


A- 10 X Emperor Francis 

Bing X Long Stem Bing (Wheatley Selection) 

Emperor Francis X A- 10 

English Morello X May Duke 

La Cima X Belle d’Orleans 

La Cima X Chapman 

La Cima X Coops 

La Cima X Lewelling 

La Cima X Pontiac 

Lambert X Chapman 

Lewelling X Lambert ^ 

Napoleon X California Selection 6 (Bing X Sanguinetti) 

Napoleon X California Selection 27 (Napoleon X Bush Tartarian) . 
Napoleon X California Selection 48 (Bing X Bush Tartarian) .... 

Napoleon X Bedford 

Napoleon X California Selection 46 (Lambert X Bush Tartarian) . . 

Napoleon X Mezel 

Ord X A-10 

Ord X Napoleon 

Ord X Ramon Oliva 

Saylor X Bassford 

Saylor X Chapman 

Saylor X Ord 

Wmdsor X Coops 

W ndsor X Schmidt 


6 

2 

2 

1 

3 

3 
2 
2 
2 
1 
1 

4 
1 
2 
8 
1 
2 
4 
1 
2 
3 
3 

1 

2 
1 


The very low incidence of fasciation in the seedlings and their being 
limited to the crosses involving only Bing, A~10 and Ord suggests 
that this condition has arisen as a result of the cross and is not neces- 
sarily associated with the rootstock. This seems most likely even 
though no transmissibility tests have been made nor did any of the 
parent trees show any signs of the condition. 
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TABLE Parentage and Number of Seedlings Showing Fasciation 

IN 1948 


Cross 

i 

N 

umber of Seedlin 

SS 

Fasciated 

Clean 

Total 

A-10 X Bing 

8 

45 

53 

A-10 X Bush Tartarian. 

2 

35 

37 

A-10 X Ord 

1 

133 

134 

Bing X Bedford ... 

10 

34 

44 

Bing X A-10 

4 

24 

28 

Total 

25 

271 

296 


Crinkle Leaf: — Twenty-three seedlings representing 11 of the 54 
crosses showed signs of this trouble (Table V). Some of these seed- 
lings are the result of crosses made to examine this genetic relationship 
in some detail. No effort has been made to associate this trouble with 
the rootstock. In 1942, 8(X)0 crosses were made with Napoleon as the 
pistillate parent, using pollen from a Black Tartarian tree showing 
crinkle leaf and pollen from a crinkle-free Black Tartarian tree' 
(Chandler selection) ; 87 seeds resulted with only seven seedlings 
germinating. Two seedlings displayed crinkle leaf in the 1948 survey 
as noted in the last two items of Table V. 


TABLE V — Parentage and Number of Seedlings Showing Crinkle 

Leaf in 1948 


Cross 

Crinkle 

Clean 

Total 

A-10 X Bing 

5 

48 

63 

A-10 X Bush Tartarian 

2 

35 

37 

A-10 X Na^leon 

Bedford X Bush Tartarian 

2 

119 

121 

1 

11 

12 

Bing X A-10 

4 

24 

28 

Bmg X Bedford 

4 

40 

44 

Bing X Bush Tartarian 

1 

3 

4 

Bing X Sanguinetti 

1 

1 

2 

Giant X Long Stem Bing (Napa Selection) , . . 

1 

12 

13 

Napoleon X Black Tartarian (Chandler Selec- 
tion) 

1 

0 

1 

Napoleon X Black Tartarian (Crinkle Leaf 
Selection) 

1 

4 

6 

Totals 

23 

297 

320 


One crinkle leaf tree (from an A-10 x Bush Tartarian cross) 
showed rusty spots and blister symptoms. 

In 1943, 6000 crosses w'ere made which resulted in S07 seeds from 
which only one seedling arose. This was from a Napoleon x Mezel 
(crinkle leaf) cross and has shown no crinkle. 

Earlier observations of crinkle leaf were made in 1944 by Philp and 
Hewitt on selections that had been propagated on old Napoleon trees. 
These crosses and incidence of disease are shown in Table VI from 
which it is noted that crinkle leaf appears to a greater extent in crosses 
with Bing as a parent than in any other population. These results add 
a little more evidence to the possibility that crinkle leaf or susceptibility 
to it is a genetic phenomenon, 

Oiher Diseases : — A disease similar to pinto leaf mosaic as described 
by Kienholz (1) was found in two trees in this seedling block in a cross 
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TABLE VI—Parentage and Number of Seedlings Showing Crinkle 
Leaf in 1944 (Prom Philp’s Napoleon Selection Block) 


Cross 

Infected 

Clean 

Total 

Bing X Sanguinetti 

$ 

17 

25 

Bing X Bush Tartarian . 

2 

54 

56 

Lewellmg X Deacon 

1 

6 

7 

Napoleon X Sanguinetti 

1 

2 

3 

Total 

12 

79 

91 


of Bedford x Bush Tartarian. Two other trees displayed big node 
which, as the name indicates, is characterized by an excessive enlarge- 
ment of the tissue about the individual nodes ; these were found in the 
cross La Cima x Bush Tartarian. 

Summary 

A block of 726 sweet cherry trees mostly seedlings representing 54 
crosses, propagated on Stockton Morello rootstock were examined for 
various diseases ; 162 trees showed varying degrees of the cherry blis- 
ter disease ; 25 trees showed fasciation or witches broom ; 23 of the 
trees showed cherry crinkle leaf ; 2 trees show^ed symptoms similar to 
pinto leaf mosaic ; and 2 a condition called big node. 

It appears that the cherry blister disease resulted from transmission 
to the scion from the rootstock, and that the fasciations and crinkle leaf 
both developed as a result of hybridization. No attempt is made to ex- 
plain the presence of the pinto leaf mosaic and big node. 
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Rootstock Identification in the Persimmon 

By C A. ScHROEDER and C. P. North, University oj California, 
Los Angeles, Calif. 

T he Oriental persimmon (Diospyros haki) has been grown in Cali- 
fornia for more than 75 years. Much, if not most, of the nursery 
stock for the early plantings was imported directly from Japan as 
varieties propagated on D. kaki rootstock. The federal plant quarantine 
of 1919 prohibited further importations from Japan so California 
nurserymen turned to local sources of seed for rootstock purposes. 
Thus D. lotus and to some extent D. virginiana, came into general 
use some three decades ago, primarily because these species bear seedy 
fruit and were already growing in California. D, kaki was little em- 
ployed, presumably because seedy varieties of this species were not 
generally available. The three species, D. kaki, D. lotus, and D. vir- 
giniana, therefore, are found commonly as rootstocks under older trees 
in California (2,3) whereas in Florida (1) virtually the only root- 
stock used is D. virginiana. 

The marked differences in behavior of some of the principal horti- 
cultural varieties of Diospyros kaki when grown on the three Diospyros 
species as rootstock already have been noted (2,4). A knowledge of 
the identity of the rootstock is therefore important to an understanding 
of the behavior of certain varieties as it relates to such problems as ex- 
cessive fruit drop, decline, or other manifestations of incompatibility. 

There are several possible means of rootstock identification, namely 
the use of (a) leaf and bud characters, (b) trunk or bark and bud- 
union characters, and (c) color reactions of the root-bark extract. 

If rootstock sprouts are available or can be induced to develop their 
identity can easily be verified by the shape, size, color, and pubescence 
of the buds. Resting buds near the tips of young shoots of Diospyros 
kaki are plump, rounded at the tip, brown colored and generally pubes- 
cent. Comparable buds of D. lotus are rather flat, acutely pointed, very 
long, dark colored and generally glabrous. Buds of D. virginiana on 
the other hand, are flat, more or less triangular in form, dark colored 
and covered with a light bloom. The young shoots of D. kaki and D. 
virginiana are variable in respect to the amount of pubescence present. 
D. lotus shoots, on the contrary, are quite glabrous and have many con- 
spicuous lenticels. D virginiana is noted for the excessive numbers of 
root suckers which develop following root injury, while D, lotus and 
D. kaki, generally do not sucker freely. 

Bark characters of the three species can, of course, be utilized only 
if the tree has been budded or grafted at some distance above the soil 
line or in some instances if the larger roots can be uncovered. Typical 
barks of the three species may be identified as follows. Diospyros lotus 
has a rather fine textured or smooth bark especially along the older 
roots below the soil line. Above the soil small, shallow fissures may 
develop. The bark color is dark especially below the soil, but may be- 
come an ashen-gray above ground. D. virginiana bark is somewhat 
rougher with moderately deep and somewhat irregular cracks and is 
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of lighter color. The bark of D, kaki, however, is of a dark reddish color 
below the soil and of a grayish brown when exposed above the soil. It is 
also very rough and irregular, the fissures being quite deep. 

The line of bud-union of most varieties of Diospyros kaki when 
grown on D. lotus root is well marked by an abrupt change in bark 
texture and color, the rootstock bark being smoother and darker than 
the scion bark. These differences are not so well marked and are 
frequently absent when D. kaki is used as the stock. Sometimes in the 
latter case the only indication of a union is an over or undergrow^th 
of the scion, a condition w^hich varies with the scion variety used. D. 
virginiana is quite similar to D. kaki in bud-union character. 

A third method developed by Teranii (5) has proved useful for 
identification of Diospyros species. This method depends upon a color 
reaction of root bark samples extracted with w’ater. Small fresh samples 
of bark are cut from the trunk or large older roots w^ell below the soil 
line. These are weighed, cut into fine pieces and soaked in about 15 
times their w^eight of distilled wrater in a test tube. After standing from 
one to several hours the liquid becomes an amber color if the bark is 
kaki, yellow^ if the bark is lotus, and very light yellow or colorless if it 
is virginiana. The liquid can then be decanted off and to it added a few 
drops of dilute NaOH to make the solution alkaline. The extract of 
Diospyros kaki immediately becomes wdne red, that of D. lotus turns 
light amber, and D. virginiana becomes light yellow or remains color- 
less. .The present investigation shows that this test identifies kaki bark 
extract wdth certainty, but occasional variation in color reaction may 
be found in both lotus and virginiana bark extracts. Hence the color 
reaction should be supplemented with morphological verification in the 
identification of the latter tw^o species. 

Root bark extracts determined by the above method have proved 
useful in the present study for checking the identity of persimmon trees 
planted on the three common rootstocks. The color reaction was used 
in testing the rootstock species of 118 trees, the identity of which were 
known or could be verified by vegetative or trunk-bark characters. 
These trees are included in a collection of 31 named horticultural vari- 
eties and 62 numbered introductions probably the largest of its kind 
in the United States which has been assembled by Hodgson (2) for 
horticultural studies on this fruit. Fresh bark samples were used in 
these tests. Slight drying of the bark samples does not seem to greatly 
modify the color reaction. The tolerance to drying, seasonal condition 
of bark and other factors which probably affect the test have not been 
determined completely. Bark samples taken from above the soil line, 
however, do not give uniform results. 
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Comparative Value of Thirteen Rootstocks for Ten 
Vinifera Grape Varieties in the Napa Valley 
in California 

By Frank N. Harmon, U. S. Horticultural Field Station, 
Fresno, Cali]. 

F ruit production and vigor of vinifera grapes varieties growing on 
their own roots are often decreased by root injury caused by the 
grape phylloxera {Phylloxera vitijoliae (Fitch)). Resistant rootstocks 
have been used to control this pest Certain rootstocks have been 
known to give more satisfactory results than others (2). To obtain 
additional information on the comparative value of rootstocks, a test 
plot consisting of 13 selected rootstocks grafted with 10 vinifera grape 
varieties was started at the United States Experiment Vineyard, Oak- 
ville, California, in the spring of 1933. 

The Oakville Station is located in the lower portion of the Napa 
Valley, 161 feet above sea level. The average preciptation from 1915 
to 1930 was 31.25 inches (2). Irrigation has never been practiced on 
this plot. The mean annual temperature is 56.7 degrees F. July has a 
mean temperature of 66.8 degrees with an absolute maximum of 110 
degrees and January has a mean of 46.8 degrees with an absolute 
minimum of 22 degrees ( 1 ) . 

The soil of the United States Experiment Vineyard at Oakville, 
ranges from Esparto clay loam to Yolo clay loam (1), with most of 
the reported test plot classed as Esparto clay loam. Both soil types are 
easily worked under a wide range of moisture conditions, are well 
drained, of high water-holding capacity, and permeable to a depth 
below 6 feet. The clay and silt in the subsoil aid in the retention of 
moisture although 20 to 40 per cent of gravel is contained in the 
subsoil. For agricultural value, Esparto clay loam rates 81 and Yolo 
clay loam 85 out of a possible 100. No alkali is found. 

The cultural practices in this test plot consisted of plowing, discing, 
and cultivating in spring and early summer. No fertilizer was applied 
or cover-crop grown other than a heavy growth of winter weeds such 
as mustard, alfilaria, and wild oats. 

The soil is infested with grape phylloxera but nematode (Hetero- 
dera maroni (Cornu) Goody) has never been a problem. Dusting 
sulphur was used to control powdery mildew (Uncinula necafor 
(Schw.) Burr.) 

The rootstock vines, 1 -year-old, w^ere planted 8 feet apart in rows 
10 feet apart. The plot consisted of two blocks (C and D) of 17 rows 
of 52 vines each. The two blocks were separated by an avenue and the 
rows of vines on each side of each block and those at each end were 
considered buffer vines. The rootstocks in the side buflFer rows were 
grafted to the various vinifera varieties but those at the ends were left 
ungrafted. Of the four side buffer rows, C~1 was planted to Dog Ridge 
rootstock and D-1 to Solonis x Othello No. 1613, both rootstocks that 
were being used in the regular test ; while C-17 and D~17 were planted 
to additional rootstocks or rootstocks not planted in the regular test, 
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Corclifolia x Riparia No. 125-1 and IMonticola x Rupestris. Each third 
row in each block was planted with the rootstock Solonis x Othello 
No. 1613 to be used as a standard of comparison. The rootstocks were 
selected from many which in previous tests (2) grew well under vari- 
ous soil and climatic conditions and had sufficient resistance to 
phylloxera. 

The rootstocks were bud-grafted (4) with 10 varieties in the fall 
of 1934 so that for each variety there were two replications of five 
vines on each of the 10 rootstocks and 10 replications of five vines on 
the one rootstock, Solonis x Othello No. 1613. Each buffer row fur- 
nished five additional vines of each vinifera variety. The varieties 
selected consisted of five white wine grape varieties — Semilion, Sau- 
vignon Vert, Chasselas Dore, Gewurz Traminer, Sylvaner; and five 
red wine grape varieties — Petit Syrah, Zinfandel, Carignane, Mon- 
deuse, and Cabernet Sauvignon. These varieties vary greatly in vigor 
of vine as is indicated by the weights of wood production in Table I. 

A graft-stand of 95 per cent w’as obtained. Due to uncontrollable 
circumstances, especially during the early years of growth, the stand 
of 'vinifera vines dropped to 68.5 per cent by 1943 ; but the stand was 
still 68.1 per cent in 1947, and over 90 per cent of the original root- 
stocks w^ere growing. The loss in stand was not on any one rootstock. 

As the vines were observed from year to year and as growth ratings 
w^ere obtained, it was evident that Solonis x Othello No. 1613 was not 
repeating the superior performances reported in the San Joaquin 
Valley (2), where temperatures are higher and irrigation is practiced. 
There was a considerable range in the growth ratings of the root- 
stocks. Solonis X Othello No. 1613 ranked among the weaker root- 
stocks and Rupestris St. George (the rootstock most used in commer- 
cial vineyards in the Napa Valley at present) ranked among the 
stronger rootstocks. In order to present a better comparison of the 
stronger rootstocks, Rupestris St. George is used as the standard of 
comparison rather than Solonis x Othello No. 1613 as originally 
planned. 

To aid in the evaluation of the rootstocks, fruit production weights, 
pruning wood weights, and vine growth ratings were obtained for a 
2-year period, 1946 and 1947. All vines were given growth ratings 
by one individual, scores of 1 to 10 being used where 1 indicated very 
weak growth and 10 indicated very strong healthy growth for the 
variety. Table I contains the averages for the 2 years of fruit weights, 
wood weights, and growth ratings of ten varieties on Rupestris St. 
George, the standard of comparison. The actual differences, plus or 
minus, from the standard are given for the varieties on the other 12 
rootstocks, with one asterisk following if the difference is significant 
and two asterisks if highly significant. The fruiting varieties are tabu- 
lated and discussed in order of their location in block C of the test 
planting. 

SemUlon : — ^The fruit production in pounds per vine ranged for the 
various rootstocks from 8.3 to 15,7, or at the rate of 2.25 to 4.26 tons 
per acre. The pruning wood weights for this rather medium to weak 
growing variety ranged from 1.1 to 3.7 pounds per vine. Mourvedre 
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X Rupestris No. 1202, Solonis x Othello No. 1613, and Monticola x 
Riparia No. 18815 were the three lowest ranking rootstocks. Among 
the other 10, there were no significant differences although Rupestris 
St, George was generally a little superior. 

Saiivignon Vert: — The fruit production in pounds per vine ranged 
from 10.0 to 27.9, or at the rate of 2.72 to 7.57 tons per acre. The 
pruning wood weights ranged from 1.3 to 6.9 pounds per vine. Rupes- 
tris St. George rates highest. Rating next are Dog Ridge, Constantia, 
Mourvedre x Rupestris No. 1202, and Cordifolia x Riparia No. 125--1 
(buffer row). 

Gewurz Traminer: — The fruit production in pounds per vine ranged 
from 5.1 to 12.9, or at the rate of 1.39 to 3.51 tons per acre. The prun- 
ing wood weights ranged from 1.1 to 3.7 pounds per vine, indicative of 
the relatively medium weak vine growth of this variety. Rupestris St. 
George, Dog Ridge, Constantia, Mourvedre x Rupestris No. 1202, 
and Monticola x Rupestris (buffer row) are the five rootstocks rating 
highest and there are no significant differences among them ; however, 
the trend favors Rupestris St. George, Constantia, and Monticola x 
Rupestris (buffer row). 

Chasselas Dore: — The fruit production in pounds per vine ranged 
from 2.9 to 16.6, or at the rate of .79 to 4.50 tons per acre. The pruning 
wood weights ranged from 1.2 to 6.3 pounds per vine. Rupestris St. 
George, Mourvedre x Rupestris No. 1202, and Monticola x Rupestris 
(buffer row) are the three rootstocks with highest ratings, there being 
no significant differences between them. 

Sylvaner: — The fruit production in pounds per vine ranged from 

9.0 to 17,7, or at the rate of 2.44 to 4.80 tons per acre. The pruning 
wood weights ranged from 1.8 to 9.3 pounds per vine. Rupestris St. 
George, Dog Ridge, Constantia, Mourvedre x Rupestris No. 1202, 
Monticola x Rupestris (buffer row), Riparia x Rupestris No. 3309, 
Berlandieri x Riparia No. 420-A and Cordifolia x Riparia No. 125-1 
(buffer row) were the eight rootstocks rating highest with no signifi- 
cant differences among them. 

Petit Syrah: — The fruit production in pounds per vine ranged from 
6.2 to 17.7, or at the rate of 1.68 to 4.80 tons per acre. The pruning 
wood weights of this medium weak growing variety ranged from .7 
to 3.7 pounds per vine. Rupestris St. George and Mourvedre x Rupes- 
tris No. 1202 were the two rootstocks rating highest, with the trend 
favoring Rupestris St. George. Dog Ridge and Constantia were next 
in rank. 

Zinfandel: — ^The fruit production in pounds per vine ranged from 

6.0 to 18.8, or at the rate of 1.63 to 5.10 tons per acre. The pruning 
wood weights ranged from .7 to 7.9 pounds per vine. Rupestris St. 
George rates highest with Mourvedre x Rupestris No. 1202, Dog 
Ridge, Constantia, and Monticola x Rupestris (buffer row) rating 
next. 

Carignane: — ^The fruit production in pounds per vine ranged from 
9.5 to 26.5, or at the rate of 2.58 to 7.20 tons per acre. The pruning 
wood weights ranged from .9 to 6.3 pounds per vine. Rupestris St, 



TABLE I — ^Pruit Production (a) and Wood Production (b) in Pounds Per Vine and Growth Ratings (c) of Ten Vinikeka 
Varieties Grafted on Rupestris St. George, the Standard of Comparison. The Respective Differences from thi: 
Standard are Listed for the Ten Vinifera Varieties Growing on Twelve Comparative Rootstocks. (Averages for 
1946 AND 1947, the 12th and 13th Years in the Life of the Vines) 
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George rates highest. Dog Ridge, Mourvedre x Rupestris No. 1202, 
and Alonticola x Rupestris (buffer row) rate next. 

Mondeiise: — The fruit production in pounds per vine ranged from 
7.6 to 16.3, or at the rate of 2.06 to 4.44 tons per acre. The pruning 
wood weights ranged from 1.8 to 6.0 pounds per vine. Rupestris St. 
George, Dog Ridge, Constantia, Mourvedre x Rupestris No. 1202, 
Monticola x Rupestris (buffer row), Riparia x Rupestris No. 3309, 
Riparia x Rupestris No. 101-14, and Cordifolia x Riparia No. 125-1 
(buffer row) are the eight rootstocks rating highest and showing no 
significant differences. The trend favors Dog Ridge. 

Cabernet Saitvignon : — The fruit production in pounds per vine 
ranged from 10.4 to 16.9, or at the rate of 2.82 to 4.60 tons per acre. 
The pruning wood weights ranged from 3.1 to 10.9 pounds per vine. 
Dog Ridge and Rupestris St. George are the two rootstocks rating 
highest, with Dog Ridge a little ahead in fruit, wood, and growth 
rating but not to a significant degree. 

Summary 

This test covered 10 vinifera varieties grafted on 13 rootstocks in 
the Napa Valley in California. Data on the fruit weights, pruning 
wood weights, and growth ratings, taken during the 12th and 13th 
years from budding, indicate a wide range in value of the varied root- 
stocks tested for this locality. The five highest ranking rootstocks are 
Rupestris St. George, Dog Ridge, Constantia, Mourvedre x Rupestris 
No. 1202, and Monticola x Rupestris. Of these five, Rupestris St. 
George, the rootstock most widely used commercially in this district, 
was equal to the best of the other rootstocks or was slightly superior 
in most of the tests. 
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Relation of Wax Emulsion and Fungicidal Sprays to 
Size, Color, and Composition of Fresh and 
Processed Montmorency Cherries^ 

By C. A. Langer and Vernon J. Fisher, Michigan State Col- 
lege. East Lansing, Mich. 

A WAX emulsion applied to Montmorency cherry trees in combina- 
tion with the usual fungicidal mixtures, has resulted in an in- 
crease in size of fruit of about 10 per cent over trees receiving the 
same fungicidal spray treatment without the emulsion (1,2, 3). Dur- 
ing the season of 1947 cherry canners reported instances of inferior 
quality of processed cherries, possibly associated with field applica- 
tion of this emulsion. The effects reported consisted of pale color, in- 
sipid taste, soft fruit which did not become firm after cooling in water 
bath, injury to fruit in pitting, and adherence of spray residue to fruit. 

Experiments were conducted in 1948 to determine the effect of tv/o 
different fungicidal sprays, alone and in combination with wax emul- 
sion, on size and quality of red cherries. Additional data were obtained 
regarding the effect on size. The experiments were also designed to 
show the relative effects on size and quality of the two fungicidal pro- 
grams without the use of the emulsion. All studies were conducted at 
two levels of nitrogen fertility. Since no difference could be detected 
between the different rates of fertility this factor was disregarded in 
the analysis of data. 

Materials 

The wax emulsion used was Dowax 222, a commercial product 
^^nufactured by the Dow Chemical Company, Midland, Michigan, 
"^is was the same material used by Neal et al and Danger. The fun- 
gicides used were Bordow, a proprietary copper material manufactured 
by the Dow Chemical Company, and fermate (ferric dimethyldithi- 
ocarbamate) , an organic fungicide manufactured by E. I. du Pont de 
Nemours Company, Wilmington, Delaware. 

Methods of Investigation 

Field Trials : — The field trials w^ere conducted in three privately 
owned cherry orchards, located at Fennville, Gobles, and Traverse 
City, Michigan, and designated as orchards I, II, and III respectively. 

Orchard I comprised a single block of trees all of which received 
fungicidal sprays of Bordow, while orchards II and III were each 
divided into a Bordow block and a Fermate block. Each block of all 
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orchards contained three plots of two or three rows, the rows con- 
taining from 20 to 30 trees each. 

Plot 1 of each block received no Dowax, plot 2 received one appli- 
cation of Dowax, and plot 3 received two applications. Dowax was 
used at a concentration of 1 per cent by volume. Where one applica- 
tion of Dowax was made it was included with the second cover spray, 
at the time the cherry pits had reached full size and the fruit had begun 
to color. \Wiere two applications were made Dowax was included with 
the second and third cover sprays, the third being applied 7 to 10 days 
after the second, or when fruit showed about 25 per cent red color. 

One end of each block in orchards II and III received a high rate of 
nitrogen fertilization (10 and 8 pounds ammonium nitrate respec- 
tively), while the other end received a medium rate (6 and 5 pounds, 
respectively). Orchard I was fertilized uniformly throughout at 2 
pounds ammonium sulphate per tree. 

Cultural Practices : — Trees of orchard I were on Mahaleb roots, 
and were spaced 20 feet apart on the square. The trees were larger 
than in the other two orchards. The orchard was 16 years old. It was 
managed under a system of clean cultivation and cover crop. A Sudan 
grass cover was grown the previous fall. The set of fruit in 1948 was 
75 per cent due to inadequate pollination resulting from rain and cool 
weather during blossoming. The orchard received three cover sprays 
after blooming. 

Trees of orchard II were on Mazzard roots, and were spaced 15 
feet apart on the triangle. The orchard was 39 years old and was 
managed under a system of clean cultivation and cover crop. A rye 
grass cover crop was grown in the orchard during the previous fall. 
The cover crop received 200 pounds of an 0-20-20 fertilizer per acre. 
The set of fruit was about 90 per cent. The orchard received four cover 
sprays after blooming. 

Trees of orchard III were on Mahaleb roots and were spaced 18 by 
20 feet. The orchard was 21 years old and was managed under a sys- 
tem of clean cultivation and cover crop. The cover crop during the 
previous season was Chewings fescue. The set of fruit was about 90 
per cent. The orchard received four cover sprays after blooming. 

The trees of all three orchards were large and vigorous. Excellent 
insect and disease control was secured in all orchards. The growing 
season was better than average for all three locations. The soil in all 
three orchards was sandy loam underlain by a clay layer at 3J^ to 4 
feet below the surface. 

Cover sprays^ were mixed as follows, except for the inclusion of 
Dowax as described above : Bordow was mixed at the rate of 4 pounds 
Bordow, 3 pounds lime, and 2 pounds lead arsenate per 100 gallons 
of material ; Fermate was mixed at the rate of 2 pounds of Fermate 
and 2 pounds of lead arsenate per 100 gallons of material. 

Processing Practices : — ^The facilities of three large commercial proc- 
essing plants were used in processing the cherries. The fruit was 
moved to the plants in lugs, and conveyed by automatic elevators to 
large metal tanks filled with cool running water (54 degrees F). After 
12 to 18 hours in these cooling tanks the cherries were passed over 
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grading belts where foreign matter and defective fruits were removed, 
and thence to the pitters and can fillers by endless belts. The cans of 
fruit were then filled with hot \vater, capped, cooked, cooled, and 
packaged, except for a small number of cans which were, ''removed 
at random, for special purposes, as they left the fillers.^' Sixteen No. 
2 cans were canned in light sirup and 10 were frozen. In cases where 
no No. 10 can line 'was operating additional No. 2 cans were emptied 
into No. 10 cans for drained weight determinations. 

Sise Determination : — The effect of the emulsion and of the two 
fungicides on size was determined for three to five trees from each 
plot that were relatively uniform in size, vigor, and freedom from 
observable winter injury and virus infection. Three samples of 100 
cherries each were picked from each tree. These samples were picked 
from spurs only, taking the entire spur cluster, at random from the 
entire tree so as to secure a fair representation of the total crop. The 
samples were weighed, and volume was then determined by w^ater dis- 
placement in a 500 ml graduated cylinder. 

Composition and Quality Deterniinafmis : — Soluble solids were de- 
termined by the refractometer method, and expressed as sucrose. Each 
treatment was sampled by picking two to four cherries from spurs at 
random throughout the entire plot. These samples were taken to the 
processing plants involved where plant chemists made the readings. 
The readings were repeated until at least three closely agreeing values 
were obtained for each treatment. 

Total solids were determined by drying a composite sample of from 
100 to 200 grams in an oven at 100 to 105 degrees C for 24 hours. 

The uptake of water by cherries in the cooling tanks prior to pitting 
was determined by placing a 50-pound sample in a wire mesh basket 
(2 feet in diameter and 2 feet deep) and suspending in the cooling 
tank. The sample was weighed before and after cooling. In order to 
obtain weights at the beginning of the cooling period under conditions 
comparable to those at the close of the period, the sample was first 
suspended in the tank until thoroughly wetted and then drained for 5 
minutes before weighing. The same draining period was allowed after 
cooling. 

Drained weights were determined on No. 10 cans, the put-in weight 
for 'which was known. The standard drained w'eight test was used, 
made by emptying the contents of one can onto a screen strainer, al- 
lowing to drain in an inclined position for 2 minutes, and weighing 
the drained fruit. 

The adherence of spray material to fruit was determined by visual 
observation, and by residue tests for arsenic and lead on water packed 
fruit a month after canning. These tests were made by chemists of the 
Michigan Department of Health, 

Quality of processed fruit was determined by a panel of judges con- 
sisting of qualified commercial processors and college faculty. Fruit 
was judged on the basis of color (20 points), general appearance (20 
points), texture (20 points), and flavor (40 points). The judging 
was done 2 to 4 weeks after processing and again 2 months after 
processing. 
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Results and Discussion 

Data on the size of cherry fruit from trees receiving fungicidal 
sprays of Bordow and Fermate, alone and in combination with Dowax 
222 are presented in Table 1. There was an increase in the size of fruit 
from trees which received Fermate in comparison with trees receiving 
Bordow, confirming observations made in 1947. There also was an 
increase in size of fruit from trees which received Dowax 222 in com- 
bination with fungicidal sprays over those which received no Dowax. 
The relative increases were similar to those observed in 1947 ( 1 ) and 
1948 (2). 

Table I may be summarized as follows : 

Average increase from use of Fermate over Bordow — 9.8 per cent 
Average increase from one application of Dowax with Bordow = 

10.8 per cent 

Average increase from one application of Dowax with Fermate = 

5.8 per cent 

Average increase from two applications of Dowax with Bordow = 
13.9 per cent 

Average increase from two applications of Dowax with Fermate = 
10.7 per cent 

Table I gives data on size expressed only in terms of weight. The 


TABLE I — Effect of Fermate and Bordow Alone and in Combination 
With Dowax 222 on Size of Montmorency Cherries 



’WJmae witlwmi Dowax. * < 
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correlation between weight and volume was so close that publication 
of volume data would be an unnecessary duplication. 

^ While the magnitude of increase from both variables was not con- 
sistent, there is little reason to doubt that the increases were real and 
appreciable. Variations in pounds per tree was due to trees varying 
in bearing surface. Variations in size were brought about by variable 
vigor of trees; by lack of uniformity in sampling; by variations in 
productivity of the soil ; and by differences in the stage of maturity at 
the time of sampling. These factors were kept to a minimum, but they 
were sufficient to make it difficult to predict what can reasonably be 
expected under different conditions. 

Table II shows the soluble solids and total solids content of fruit 
from the different treatments. 

Results in orchard I were too variable to have value. It will be re- 
membered that this orchard had a 75 per cent set of fruit, that the 
trees were larger, more vigorous, and more widely spaced than those 
of the other orchards, and that the amount of nitrogen fertilizer used 
was relatively low. Under these conditions nitrogen supply very likely 
determined size and composition to a large extent, and local soil vari- 
ations accounted for the large amount of variation in solids content. 

An inspection of Table II reveals a definite decrease in soluble solids 
and total solids on the percentage basis, both from the use of Dowax 
222 with fungicides, and from the use of Fermate as compared to Bor- 
dow as the fungicide. However, the actual amount of solids in a given 
number of cherries did not increase. In fact a slight decrease was in- 
dicated from the use of Dowax 222, although this point has not been 


TABLE II — Solid Content op Fresh Cherries From Trees Which 
Received Fungicidal Sprays of Bordow or Fermate, Alone and in 
Combination With Dowax 222 




Bordow Blocks 

Fermate Blocks 

Plot 

No. 

Dowax 

Treatment 

Soluble 
Solids* 
(Per Cent) 

Total Solids 

Soluble 
Solids* 
(Per Cent) 

1 Total Solids 

Per Cent 

Grams i 
(300 

Cherries) 

Per Cent 

Grams 

(300 

Cherries) 

1 

None 

13.9 

Orcha 

rdl 




2 

Second cover 

14.3 

— 

— 



-r— 

3 

Second and third 
cover 

13.9 

— 

— 

_ 

' ‘ ' i 

— 


Orchard II 


1 

None 

14.5 

15.0 

194 

12.3 

14.0 

2 

Second cover 

13.7 

13.7 

202 

11,0 

12.3 

3 

Second and third 
cover 

12.0 

11.5 

171 

11.3 

11,5 


Orchard III 


1 

None 

18.7 

16.9 

194 

11.6 

13.8 

185 

2 

3 

Second cover 
Second and third 

12.0 

15.4 

189 

10.6 

12.1 

176 


1 cover 

11.7 

13.8 

1S6 

10.4 

12.1 

176 


*Express^4 as sacross. 
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definitely established by the data presented. The authors feel that some 
physiological response must have taken place, resulting in a lower solids 
content per individual cherry fruit. No conclusion can be drawn at 
this time concerning the physiological effects of F ermate as compared 
to Bordow, although further work may shed some light upon this 
question. 

No trend was established in the uptake of water by cherries in the 
cooling tanks. In fact no sample increased in weight enough to con- 
sider the uptake of water beyond the probable limits of error. 

Table III shows drained weights of No. 10 cans of cherries from 
the various treatments. The put-in vreight in most cases was 85 ounces 
per can. Whenever a different put-in weight was used the actual 
drained weight was adjusted accordingly, and expressed on the basis 
of an 85-ounce filling. 


TABLE III — Drained Weight of Canned Cherries From Trees Which 
Received Fungicidal Sprays of Bordow or Fermate Alone and in 
Combination With Dowax 222 


No. 

Dowax Treatment 

Bordow Blocks 
Drained Weight 
Per No. 10 Can 
(Ozs) 

Fermate Blocks 
Drained Weight 
Per No. 10 Can 
(Ozs) 

1 1 

Orchard 1 

[ None. j 

1 74.7 1 


2 1 

Second cover 1 

72.2 

— 

3 

1 Second and third cover 

1 68.6 ! 

1 

1 

Orchard 11 

j None 

1 75.0 

1 73.5 

2 

Second cover 

69.3 

68,0 

3 

1 Second and third cover 

1 68.1 

1 66.8 

1 

Orchard 111 

1 None 

} 75.1 

1 72.8 

2 

Second cover 

72.7 

71.6 

3 

1 Third cover 

1 72.0 

1 71.6 


Without exception, the drained weight of cherries from trees receiv- 
ing fungicidal sprays of Fermate was lower than from trees receiving 
Bordow, other conditions being the same. Also drained weights were 
lower when Dowax was included with the spray mixture than where 
it was Ulse decrease was greater where two Dowax sprays were 
used only one was used. 

^ It is that this decrease in drained weight of canned cher- 

ries was function of the greater water content of the fresh fruit. The 
larger cherries contained more water and lower percentage of sugar 
than the smaller ones. The larger cherries bruised more readily and 
more cells were ruptured in handling, and consequently lost more into 
the water which was added in canning. The fruit containing the higher 
concentration of sugar was smaller, more firm and consequently fewer 
ruptured cells and torn cherries occurred in processing. Non-ruptured 
cells after processing are still able to hold large molecules, such as 
sugar, from passing through the membrane. 
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A drained weight of 74 ounces per No. 10 can is required for cher- 
ries to be classified as U. S. No. 1 Grade. This necessitates a higher 
put-in weight for Fermate and/or Dowax treated cherries. 

Before the cherries were picked it w^as observed that a spot of spray 
material had collected on the lowermost part of practically every 
cherry. This spot was easily removed on all plots except where Do- 
wax was used in conjunction with Fermate. After the fruit had gone 
through the cooling tanks this residue was gone from all the fruit ex- 
cept those from plot No. 6, which had received two sprays of Dowax 
in conjunction with Fermate. About half the cherries from this plot 
carried residue spots into the cans. This residue gradually dissolved, 
until after 2 months only an occasional fruit was found to be spotted. 

The results of laboratory tests for lead and arsenic on canned fruit 
from orchard II are shown in Table IV. Much higher residue was 
found on samples from the plot which had received two sprays of Do- 
wax with Fermate, although appreciable quantities of residue, especi- 
ally lead, were found in other samples. The tolerance for fresh fruit is 
given in Table IV purely for illustrative purposes. No tolerances have 
been established for canned cherries. 

The averages of all judges scores for quality of processed fruit were 
as follows r 


Fungicide Dowax treatment Score 

(possible lOO) 

Bordow None 62 

Bordow Second cover 62 

Bordow Second and third cover 55 

Fermate None 54 

Fermate Second cover 49 

Fermate Second and Third cover 45 


Cherries from plots which had received Dowax in conjunction with 
Fermate were considered inferior to the others by all judges. The other 
plots gave very little differences in quality. The chief causes of low 
scores were pale color and somewhat insipid taste. The same trend in 
quality was noted regardless of the method of processing, although 
some judges preferred the pale red color of the Fermate and Dowax 
treated cherries to the brownish red color of the fruit from the other 
plots. 


TABLE IV — ^Arsenic and Lead Tests on Canned Cherries From 

Orchard II 


Fungicide 

Dowax 

Treatment 

Arsenic (as AsiOj) 
Gr/Lb 

Lead 

Gr/Lb 

Bordow 

None 

Trace 

0.024 

Bordow 

Second cover 

Trace 

0.014 

Bordow 

Second and third cover 

0.003 

0.017 

Fermate 

None 

0.006 

0.026 

Fermate 

Second cover 

0.005 

0.005 

Fermate 

Second and third cover 

0.018 

0.040 

U.S.D.A. tole^aaoe for most fresh, fruit 


0.025 ! 

0.060 
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Summary 

The use of Dowax 222 in three Michigan orchards in 1948, applied 
as a spray to the fruit and foliage during the growing season increased 
the size of Montmorency cherries over those which received no Dowax. 
Increases were obtained when the emulsion was incorporated with 
either Bordow or Fermate. Cherries receiving Fermate as the fun- 
gicide with or without Dowax were larger than those receiving Bor- 
dow with similar Dowax application. 

The use of Dowax 222 lowered the soluble solids and total solids 
content of fresh cherries and the drained weight of canned cherries in 
comparison with similar cherries which received no Dowax. 

Adherence of spray residue to fruit was quite serious where Do- 
wax 222 was used in conjunction with Fermate in two applications. 

No appreciable amount of water was taken up by cherries in the 
cooling tanks regardless of spray treatment. 

A panel of judges considered the processed fruit from plots which 
received Bordow as the fungicide to be of slightly higher quality than 
those which had received Fermate. The use of one application of Do- 
wax with Bordow did not impair quality, while the use of Dowax 
with Fermate resulted in processed fruit of decidedly inferior quality. 
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The Effects of Urea and Oil-Wax Emulsion Sprays on 
the Performance of the Concord Grapevine Under 
Cultivation and in Ladino Clover Sod^ 

By H. K, Fleming and R. B. Alderfer, The Pennsylvania State 
College, State College, Pa. 

T he successful use of spray solutions containing micronutrients to 
correct deficiencies in some fruit plants has led to several attempts 
to improve vigor and yield by foliage sprays supplying nitrogen in the 
form of urea. Investigators in New York (1,2) have found that leaf 
sprays of urea can maintain a McIntosh apple tree in an apparently 
satisfactory level of nitrogen nutrition. A program in which urea was 
added to two pre-bloom, a petal fall, and a first cover spray caused a 
heavier set of fruit and better fruit color than a spring soil application. 
Midsummer urea sprays tended to increase the size of fruit, but 
markedly reduced the color. Harley, Moon, and Regeimbal (3) re- 
ported significant increases in chlorophyll and nitrogen contents of 
foliage of the York Imperial apple sprayed with urea solution. Havis 
and Prince (4) observed no difference in fruit color, time of ripening, 
or nitrogen content of leaves at four different sampling dates, on 4- 
year-old peach trees sprayed with urea at concentrations as high as 50 
pounds to 100 gallons of water. In California, Williams (12) found no 
evidence of major element absorption by grape leaves. Mack and Shau- 
lis noted improved leaf color (6) and later shoot growth (7) on Con- 
cord grapevines sprayed with urea, but no significant difference in total 
nitrogen in the leaf blades. 

Some sprays devoid of mineral elements have benefited fruit plants. 
Neal and his co-workers (9) in Michigan were able to increase the size 
of Montmorency sour cherries by the application of oil-wax emulsion 
sprays. They found that reduction in the rate of transpiration was the 
main factor contributing to the production of larger fruit (8). Other 
work at the same Station by Langer (5) demonstrated increases in 
fruit size of sour cherries, sweet cherries, and Bartlett pears, but no size 
increases in Kieffer pears, Delicious or Golden Delicious apples. 

The studies described in this paper deal with sprays of urea and of 
an oil- wax emulsion on Corcord grapevines (Vitis Labrusca, L.) over 
a three-year period. 

Materials and Methods 

The experiments were conducted at North East, Pennsylvania, in a 
Concord vineyard owned and operated by H. G. Naylor. Vines are set 
at 8 feet in rows 9 feet apart. They varied in age but most of them were 
in their eighth year when the sprays were first applied in 1946. Some 

^Authorized for Publication on March 23, 1949 as Paper No-^ 1517 of the 
Journal Series of the Pennsylvania Agricultural Experiment Station. 

The authors gratefully acknowledge the assistance of the following in this 
work : H. G* Naylor, for the use of his vineyard ; the Dow Giemical Company, 
for Dowax 22^ used in the oil-wax emulsion sprays ; the DuPont Company, for 
NuGreen used in the urea sprays i J, A. Cox, for applying the sprays ; and D. E. 
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were much older (age unknown) and an occasional replant was 
younger. Data included in this report are from mature vines only. 

The soil is classified as Braceville gravelly sandy loam. Although 
the topography of the area is rolling, the experimental block is nearly 
level, sloping very slightly to the south and west. The site is inclined 
to be frosty. Yields in 1946 and 1948 were reduced by low temperature 
injury. 

In August, 1944, one-half of the 2-acre experimental vineyard was 
seeded to Ladino clover (Trijolium repeats L.). Details of the soil man- 
agement methods followed in the two blocks from this time through 
1948 are given in Table L A dense volunteer stand of domestic ryegrass 
appeared in the sod block early in the spring of 1945 and apparently de- 
prived the vines of part of their usual nitrogen supply. Poor leaf color 
associated with nitrogen deficiency was evident in mid-June. Nitrate of 
soda was applied at 0.6 pound per vine in a 4-inch band alongside the 
row, approximately 2 feet from the vines, on June 26. Recovery in leaf 
color was complete within a week following a rain. After several mow- 
ings the Ladino was predominant, and an excellent clover sod covered 
the block during 1945 and 1946. Non-legumes began to encroach into 
the Ladino in 1947 and 1948. 

It was this experience in 1945 which suggested the possibility of 
using one or more midsummer urea sprays in place of the midsummer 
soil application to maintain a satisfactory level of nitrogen nutrition. 
Although no deficiency was anticipated in the cultivated block it was 
thought that urea sprays over a period of years at this season might 
result in improved yield through increased vigor of vine. 

Each 1-acre block was divided into 14 0.04-acre plots, providing for 
five replications of each treatment. The four control plots were located 
so that each plot receiving treatment was adjacent to a control plot. 
Records were taken from 14 vines per plot, seven vines in each of the 
two adjoining center rows in the plot. 

Yield records of individual vines were taken by counting the clusters 
as they were picked from each vine and weighing the total yield from 
each vine separately. One pint of berries was collected from each plot 
by picking a single berry at random from individual clusters and 
sampling from mature vines only. The berries in each sample were 
counted and weighed, and the average grams per berry determined. 


TABLE I— Soil Management in the Naylor Vineyard (1944 to 1948) 





Materials Applied Per Acre 


Coltava-ted* and 
Ladino dovesTf Blochs 


600 Lbs. 10-5-1 It 
500 Lbs. 9-6-8 
600 Lbs. 9-6-8 
500 Lbs. 10-6-10 
500 Lbs. 10-6-10 


Ladino Clover Block Only 


2 tons ground limestone in late fall 
10 tons barnyard manure in early spring 
X ton ground limestone in late fall 


from spring unifl early August, when cover crop of domestic ryegrass 
d; ^ ferfalizer apj^tions were made m the spring. 

^ Angusst. 1944; it was mowed six times in 1946. five times in 1947, 

were spedal toirfeures made to tbe grower’s specifications. 
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In pruning, only 1-year wood was weighed from each vine. The 
number of buds to be left for next year’s crop was calculated from the 
pruning weight of the vine on the basis of 30 buds for the first pound 
of prunings and two buds for each pound over 1 pound. 

A sample of 30 leaves was taken for analysis in 1946 from 18 of the 
28 plots. The first fully expanded leaf nearest the end of each of 30 
bearing shoots on mature vines were collected as a sample for each plot. 
These samples were taken on August 13, 26 days after the treatments 
were applied. 

Urea Sprays: — NuGreen, a proprietary form of urea containing 43 
per cent nitrogen, was used in these studies. It was supplied by the 
DuPont Company of Wilmington, Delaware. Tests in June 1946 to de- 
termine the proper dilution for use on the Concord grape indicated 
that 5 pounds of NuGreen to 100 gallons of water was near the maxi- 
mum which could be used without causing leaf injury. However, 6 
and 7 pounds to 100 gallons were used without injury in the midsum- 
mer sprays applied in 1948. Apparently the matured leaves can stand a 
higher concentration that those in an actively growing condition. 

Complete coverage and a minimum of drift were assured by the use 
of a spray rig with a covered boom. All sprays were applied independ- 
ently of those applied by the grower for the control of insects and dis- 
eases. One pint of Orthex spreader was added with NuGreen to each 
100 gallons of spray. Dates of application are given in Tables II and III. 
Clusters were in full bloom on June 26 in each of the three years of the 
experiment. 

In 1946, the NuGreen foliage spray was compared with a soil ap- 
plication. One-third of a gallon per vine of the spray solution (the same 
amount as each vine received in the spray treatment) was poured on the 
soil along the row about 2 feet from the base of the vines. This 1946 
soil application of urea was replaced by the oil-wax sprays in the same 
plots in 1947 and 1948, 

Oil-wax Emulsion Sprays : — ^Dowax 222, a commercially prepared 
oil-wax emulsion, was supplied for these tests by the Dow Chemical 
Company of Midland, Michigan. It was used on the dates given in 
Tables II and III at the rate of 1 gallon of the material to 100 gallons of 
the spray solution. 

Results and Discussion 

^ Urea Sprays : — ^There was no significant effect on yield or vine 
vigor from the four urea sprays applied during a 3-year period (Tables 
II and III). Applications of the spray solution to the soil in 1946 also 
failed to afect the performance of the vine in either the cultivated or 
the Ladino sod blocks. The lower average number of clusters in the 
1946 urea sprayed sod plots (Table II) could have been the result of 
spring frost injury which was more severe on weaker vines. Vines in 
all plots exhibited good leaf color during the entire period of the ex- 
periment. 

The evidence indicates that little, if any, additional ‘ nitrogen was 
taken into the vine from the applications of urea in these tests. When 
percentages of nitrogen in 1946 leaf samples from treated plots were 
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TABLE II— Effects of Urea and Oil-wax Emulsion Sprays on 
Vigor and Yield of Concord Grapevines in Lading Clover Sod 




Average Yield 

Treatments and 
Dates of 
Application 

Vines 

(Num- 

ber) 

Weight 

Per Vine 
(Pounds) 

Weight 

Per Acre* 
(Tons) 


Average 

Clusters 

Per 

Vine 

(Num- 

ber) 

Average 

Weight 

Per 

Cluster 

(Pounds) 

Average 

Weight 

Per 

Berry 

(Grams) 

In- 
crease 
in Berry 
Weight 
(Per 
Cent) 


Average 

Weight 

Prun- 
|ings Per 
vine 

(Pounds) 


IQ46 


Urea spray, Jul 18, 1946 
Urea solution poured on 
ground Jul 18, 1946 
Control 


Urea spray, Jul 24, 1947 
Oil-wax emulsion spray, 
Aug 4. 1947 and Aug 

22. 1947 

Control 


67 

4.5 

1.4 

24 7 

0.181 

— 

— 

63 

5.1 

1.5 

29.2 

0.176 





48 

5.5 

1.7 

31.1 

0.177 

— 

— 



1947 




64 

10.0 

3.0 

56.6 

0.177 

3.19 

-2.4 

61 

10.5 

3.2 

57.6 

0.182 

3.33 

1.8 

45 

10.2 

3.1 

57.2 

0.178 

3.27 

— 


1.3 


1.4 


1.3 

1.6 


1048 


Urea spray, Jul 27. 1948 
and Aug 28, 1948. .. 

64 

6,9 

2.1 

42.7 

0.162 

3.16 

-0.6 

1.1 

Oil-wax emulsion spray, 
Aug 12, 1948 and Aug 
28, 1948 

64 

7.6 

2.3 

44,7 

0.170 

3.28 

3.1 

1.1 

Control 

48 

6.9 

2.1 

45.4 

0.151 

3.18 

— 

1.1 


♦Calculated from average weight of grapes per vine. 


TABLE III — ^Effects of Urea and Oil-wax Emulsion Sprays on 
Vigor and Yield of Concord Grapevines in Clean Cultivation 




Average Yield 

Treatments and 
Dates of 
Application 

Vines 

(Num- 

ber) 

Weight 

Per Vine 
(Pounds) 

Weight 

Per Acre* 
(Tons) 


Average 

Clusters 

Per 

Vine 

(Num- 

ber) 

Average 

Weight 

Per 

Cluster 

(Pounds) 

Average 

Weight 

Per 

Berry 

(Grams) 

In- 
crease 
in Berry 
Weight 
(Per 
Cent) 


Average 

Weight 

Pruii- 
[ings Per 
Vine 
(Pounds) 


1946 


Urea Jul 18, 1946 
U r«a solution poured on 
grcmnd, Jul 18, 1946 
Control 


Urea spray, Jul 24, 1947 
Oil-wax emulsion spray, 
Attg 4, 1947 am Aug 

22, 1947 

Control 


Urea spray. Jnl 27, 1948 
and Aug 28, 1948, . . 
Oil -wax emulsion spray, 
Aug 12, 1948 and Aug 

28.1948 

Ckmtrol 


63 

7.7 

2.3 

47.2 

62 

8.3 

2.5 

50.4 

49 

8.0 

2.4 

46.6 



1947 

63 

15.4 

4.7 

77.9 

61 

14,6 

4.4 

72.6 

49 

15.6 

4.7 

77.7 



J 948 

51 

10,6 

3.2 

57.7 

63 

11,2 

3.4 

56.7 

51 

10.4 

3.1 

57.3 


0.164 

— 

— 

2.7 

0.164 





2.6 

0.171 



2.8 

0.198 

3.24 

1.2 

2.8 

0.202 

3.39 

5.9 

2.6 

0.201 

3.20 


2.8 

0.183 

3.31 

1,8 

2.0 

0.198 

3.45 

6.1 

2.0 

0.181 

3.26 


1 2.0 


^Calculated from average weight of grapes per vine. 
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compared with those from their adjacent control plots the differences 
were found to be small and inconsistent. In some instances the treated 
plot was lower in percentage of nitrogen than its adjacent control. It 
does not necessarily follow that the grape leaf is incapable of absorbing 
nitrogen supplied in urea sprays. The greener foliage and later shoot 
growth following urea sprays applied by Mack, Shaulis, and Smith 
(7) is strong evidence that the grape leaf has this capacity. Similar 
sprays applied by these same investigators in another vineyard in a 
different area, however, failed to produce any symptoms of absorption. 

The importance of nutrient balance in plant nutrition has been em- 
phasized by the work of Thomas and Mack (11), Shear and his co- 
workers (10), and others. The highly significant difference in average 
pruning weight between vines in the sod block and those in the culti- 
vated block shows that two levels of vigor were represented in the 
experiment reported here and, possibly, two different intensities of 
nutrition; yet good leaf color was evident in both blocks in all three 
years. Percentage of leaf nitrogen in eight 1946 sod plots, including 
both treatments and the control, ranged from 2.60 to 2.75 ; in the eight 
adjoining cultivated plots the percentage ranged from 2.85 to 2.95. Al- 
though leaf analysis data are insufficient to establish the fact, it is sug- 
gested that the supply of nitrogen available to the vines in both the sod 
and cultivated blocks was in proper balance with other essential ele- 
ments for the intensity of nutrition current in the respective blocks at 
the time the spray and soil treatments were applied. Since a nitrogen 
deficiency did not exist in either case, there was no increase in growth, 
yield, or size of berries. 

Oil-Wax Emulsion Sprays : — ^In the Ladino clover sod block, plots 
receiving two oil-wax emulsion sprays in 1947, and two again in 1948, 
were not significantly better than control plots in yield, pruning weight, 
berry size, cluster size, or cluster number in either year (Table II). 
Although the average yield, berry size, and cluster size were higher in 
both years, the increases were neither consistent nor pronounced. 

In the 1947 cultivated block, the 5.9 per cent increase in average 
berry size in the oil-wax plots over the control plots is a significant 
difference at the .05 level (Table III). These larger berries did not 
result in an increased average yield because the number of clusters per 
vine was smaller and the cluster size was not significantly greater. 

The 1948 cultivated oil-wax plots showed an average 6.1 per cent in- 
crease in berry size over the controls (Table III). In addition to this 
increase the size of clusters in the oil-wax plots was significantly higher 
than those in the controls at the .05 level. Differences in pounds per vine 
and number of clusters per vine were not significant. 

Refractometer readings on juice pressed from berry samples showed 
no difference in sugar content due to treatment. Berries in the oil-wax 
plots were dull purplish in color and felt spongy in comparison with 
berries in the control plots. Apparently the oil-wax sprays interfered 
with the usual development of the light blue bloom which is character- 
istic of the Concord variety. This would not be serious on grapes de- 
livered to a processor but might lower their value in fresh fruit sales. 
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Langer (5) applied oil- wax emulsion sprays to Montmorency sour 
cherry trees at the first tinge of fruit color and again 1 week later. 
Sprays in our experiment were applied at an earlier stage in the de- 
velopment of the fruit with a longer interval between sprays. It is pos- 
sible that different timing may produce greater increases in size of 
Concord grapes berries. Unless greater benefits than those reported 
here are obtained, the commercial use of the sprays would not be profit- 
able. Since they must be applied later than solutions used to control 
insects and diseases, income from their use must more than cover the 
cost of the sprays. 

Summary 

One midsummer urea spray in each of two years and two in the third 
year failed to improve vigor or yield in either cultivated or Ladino 
clover sod blocks of a Concord grape vineyard receiving good care and 
adequate soil applications of commercial fertilizers. It is suggested that 
such sprays might be beneficial where a nitrogen deficiency exists. 

Two oil-wax emulsion sprays applied annually over a 2-year period 
did not affect berry size and yield in the Ladino clover sod block of the 
same vineyard. Berry size was improved significantly by the sprays in 
the cultivated block. Treated berries were dull purplish in color and 
felt spongy, although their sugar content was not affected. Timing of 
the sprays may be important in producing maximum yield increases 
from the treatment. 
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Longevity in California of American Grape 
Varieties Grafted on Various Rootstocks 

By Elmer Snyder, C7. i'. Horticultural Field Station, 

Fresno, Calif. 

A merican native grape varieties are important mainly in the regions 
. of the United States east of the Rocky Mountains. Commercial 
plantings are located, however, in several of the Pacific Coast States 
and in some of these areas phylloxera (Phylloxera vitifoliae, Fitch) 
may become an injurious pest to vines planted on their own roots. 
Rootstocks can be used to overcome the loss due to phylloxera injury. 
Quite frequently the question is asked, how long will American native 
grape varieties grow satisfactorily when grafted on resistant root- 
stocks ? 

The results of grafting American native grape varieties on root- 
stocks have been reported for eastern (2, 3, 7), southeastern (1, 5, 6), 
and central (8, 9) regions of the United States. In most cases greater 
yields of fruit and more vigorous vine growth have been reported for 
such grafted vines in comparison with own-rooted plants. Loomis (5) 
states that root troubles might be the explanation for the failure of 
own-rooted and grafted vines, but they give an indication of the lon- 
gevity of many varieties on various rootstocks. 

In 1912 a miscellaneous planting of American grape varieties grafted 
on rootstocks was made at the IJnited States Experiment Vineyard, 
Oakville, California (4). One-year-old bench-grafted plants were 
used which had grown in the nursery row during the 1911 season. In 
most cases the plantings consisted of two vines of a variety on each 
rootstock but the same rootstocks were not used for all varieties. Dur- 
ing the early years of the planting, some vines did not survive and 
missing vines were replaced with other available plants. At the end of 
1948, the record in some cases represented one vine of the stock-scion 
combination. The stock-scion combinations listed have survived for 
the 36-year period, 1912-1948, Due to the small number of vines of 
each stock-scion combination, fruit weight records were not obtained. 
Growth ratings were taken to indicate whether the vines were making 
satisfactory growth. Ratings were given on a 1 to 10 basis, 10 repre- 
senting very satisfactory growth. 

Table I indicates the varieties and the rootstocks on which the grafts 
have made a satisfactoiy growth and have fruited satisfactorily over 
the 36-year period, 1912-1948. This table includes 48 scion varieties 
and 40 rootstocks. The rootstocks are listed after each scion variety in 
descending order of their growth rating. All combinations listed rated 
7 or above on the basis of the 1 to 10 rating. 

As indicated by Fig. 1, the varieties were still producing commer- 
cially good crops at the end of 1940, when the photographs were taken. 
Similar photographs could have been taken during the 1948 season. In 
Fig, 1 (a) is a vine of Concord on Rupestris St. George, with 18 
pounds of fruit; (b) is Catawba on Solonis x Othello, No. 1613, with 
20 pounds of fruit; (c) is Niagara on Mourvedre x rupestris, No. 
1202, with 25 pounds of fruit ; and (d) is Iona on Rupestris Othello, 
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TABLE I — American Grape Varieties Grafted on Various Rootstocks, 
Which Have Maintained Satisfactory Vigor for Thirty-seven 
Years at Oakville, California. (Numbers Refer to Alphabetical 
List of Rootstocks*) 


Agawam — 20, 38, 11, 35 
Barry— 36, 35, 38, 10, 11. 7 
Black Pearl— 32. 2, 15, 25 
Black Eagle — 39 

Brighton— 1, 13, 29, 16, 6, 5. 12, 19, 22 

Brilliant— 9. 19, 6, 36, 16 

Brown — 1, 39, 27, IS 

Campbell Early — 29, 14, 35 

Catawba— 35, 36, 14, 20, 10, 27. 18 

Champion — 33, 24 

Chas. A. Green — 18 , 12 

Concord— 29. 28. 34. 19, 36, 35, 16. 18 

Cynthiana — 29 

Daisy— 1 

Delaware, 16, 9, 29 

Diamond— 29. 3, 16, 14, 37. 20, 19, 27. 18 

Diana — 33, 38, 35 

Downing- 29, 14, 16. 15. 35, 23 

Dutchess — 29, 6 

Early Victor — 33, 24, 20 

Eaton — 32 

Ester — 21, 27 

Eumelan — 29, 16, 3 

Pern Munson — 24, 33 


’•‘Alphabetical List of Rootstocks 


Gaertner — 16 

Geneva — 10 

Goethe— 18. 16, 13. 5 

Green Early — 25, 26 

Herbert— 29. 31. 20. 8. 19, 11 

Hexamer — 33, 24, 37 

Iona— 9. 19, 16. 35. 10 6. 33. 14 

Isabella— 20, 36, 35, 18. 31, 13, 27 

Jessica — 33, 1 

Lindley— 16, 36, 6, 20, 5, 19. 35, 27, 30 

Lucile— 20, 38, 24, 37, 11 

Mabel— 34, 1 

Massasoit — 16, 12, 24 

Maxatawney — 19, 29, 9 

Moore Early— 29, 36, 19. 5, 18 

Neva Munson — 5, 24 

Niagara— 16. 29, 10, 27 

Perkins— 16, 17, 18, 24, 15, 33, 27 

Rebecca — 33, 29, 8, 24, 19 

Salem— 36, 29, 5, 16, 8. 6, 20, 38, 4, 13. 19 

St. Louis — ^21, 40 

Ulster— 37. 27 

Worden— 36, 9, 30, 18. 6, 19 

Wyoming — 36, 18 


1 . 

2 . 

3. 

4. 
4. 
6 . 

7, 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16 . 

17. 

18. 

19. 

20 . 
21 , 
22 . 

23. 

24. 

25. 

26. 
27. 


31. 

32. 
83. 

34. 

35. 
86 . 

87. 

88 . 
89. 
40. 


Barnes 

Berlandieri X riparia. No. 33 E. M. 

Berlandieri X riparia, No. 420-A 
Berlandieri X riparia, No. 420-B 

g ourrisquon X rupestris. No. 601) X Calcicola, No. 13205 
inerea X rupestns) X riparia, No. 229 
nstantia 
De Grasset 
Dog Ridge 

Joly 

Judge 

Monticola X riparia. No. 18804 
Monticola X riparia, No. 18808 
Monticola X ripana. No. 18815 
Monticola X rupestns 

Mourvedre X nipestris. No. 1202 ' 

Mouryedre X rupestns, No. 1203 

Riparia X (cordifolia X rupestris) No, 106 8 

Riparia X rupestris, No. 101 

Riparia X rupestris. No. 101-14 

Riparia X rupestris. No. 108-103 

Riparia X rupestris, No. 3306 

Riparia X rupestris. No. 3309 

Rupestris des Semis, No. 81-2 

Rupestris Le Reux 

Rupestris Mission 

Rupestris Othello 

Rupestris Pillans 

Rupestris St ’ George 

Rupestris X berlandieri, No. 301-A 

Rupestris X berlandieri, No. 301-37-152 

Rupestris X Cinerea 

Rupestris X riparia, No. 108r-16 

S^t Creek 

Sdonis X (pordifolia X rupestris) No. 202-4 

Solonis X Othello. No. 1613 

Schools X riparia, No. 1615 

Splonis X riparia. No. 1616 

Vermotel 

Viala 


with 19 pounds of fruit. The vines in this plot were planted 6 by 10 
feet, making 726 vines per acre ; with 3 pounds of fruit per vine, or 
slighuy less, 1 ton of fruit per acre would be produced. On the basis of 
me above yields, from single vines, production would range from 6 to 
8 tons per acre. 
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Since the number of vines of each combination of variety and stock 
was limited, a fine comparison of the value of the different rootstocks 
can not be given. The rootstock Rupestris St. George occurs more 
often in the leading position in Table I than any other stock. The root- 
stocks Mourvedre x rupestris. No. 1202, Solonis x Othello, No. 1613, 
Solonis X (cordifolia x rupestris), No. 202-4, Riparia x rupestris, 
No. 101-14, Rupestris x raparia. No. 108-16, Barnes, Dog Ridge, and 
others have also been satisfactory for the 36-year perii^. These grafted 
American native grape varieties have not only grown well, but, as 
Fig. 1 indicates, were especially good in fruit production. 



Fig. 1. Fruit production of American native grape varieties grafted on root- 
stocks at ^ years of age; (a) Concord on Rupestris St. George; (b) 
Catawba on Solonis x Othello, No. 1613; (c) Niagara on Mourvedre x 
rupestris, No. 1202; and (d) Iona on Rupestric Othella (Photographed 
in 1940). 


Summary 

American native grape varieties grafted on certain rootstocks have 
made satisfactory growth and good fruit production over a 36-year 
period in California. Forty-eight varieties and 40 rootstocks, with a 
total of 191 stock-scion combinations, were growing well at the end 
of the 36-year period. This indicates that such grafted vines have a 
satisfactory longevity and also that lack of stock-scion affinity was not 
a major limitation in the longevity of these grafts. 
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The Effect of Pinching Off the Terminals on Yield 
and Cane Growth of Champanel Grapes 

By N. H. Loomis, U. S, Department oj AgriculUire, Meridian^ Miss, 

I N 1942 two years' results of pinching the terminal growth of 
Champanel grapes at blossoming time were reported (3). Pinching 
significantly increased the weight of the fruit cluster by increasing the 
number of berries set ; but in this limited experiment there was not a 
significant increase in total yield, which would normally follow. 

In order to determine whether an increase in total yield would fol- 
low, a more extensive experiment was set up in April of 1944 in a uni- 
form block of 2-year-oId Champanel grape vines at the United States 
Horticultural Field Station, Meridian, Mississippi. Seventeen pairs 
of comparable vines were selected, on the basis of weight of primings 
removed in February of that year. The vines were set 10 by 16 feet 
apart. They were pruned to spurs and trained to a Munson type trellis. 

Champanel is one of the longest lived on its own roots of all vari- 
eties tested at Meridian, Mississippi (4) . The fruit is large and of good 
quality for juice and jelly, but rather tart for eating fresh. The vine is 
extremely vigorous and fruit production has always appeared low in 
relation to its vigor. The Alabama Agricultural Experiment Station 
(2) reported increased yields following light pruning. Experiments 
in Mississippi (3) showed a great increase in fruit production of this 
variety by pruning to spurs, rather than to canes as eastern type grapes 
are usually pruned. This was due to the strong terminal dominance 
of the variety which results in growth from the terminal buds almost 
exclusively. Spur pruning increases the number of terminal buds and 
of bearing shoots and hence fruit production. Further increases in 
yield should be possible because of the extreme vigor of tlie variety, 
which vigor is largely wasted under orthodox methods of pruning and 
training. The tips were removed from all shoots on the treated vines at 
or immediately following blossoming time. This was done by pinching 
out the terminal bud with the thumb nail and removing less than J4 
inch of growth from each terminal. 

The data from the pinching experiment are presented in Table 1. 


TABLE I — ^Effect on Yields and Growth of Pinching Out at Blossom- 
ing Time the Terminal Growth of Seventeen Pairs of Champanel 
Grape Vines, Grown at Meridian, Mississippi 


Year 

Yie 

Ids* Per Vii 

le (Lbs) 

Prunings** Per V 

I 

1 


Treated 

Check 

Difference 

Treated 

Check 

Difference 

1^44 

10.6 

23.7 

7,6 

19.9 

3.1 ± l.3t*** 
3.8 ± 2.6 




1945 

10.4 

10.0 

0.3 db 1.5 

1946 

16.5 

13.6 

2.8 =fc 2.4 

7.4 

10.6 

3,2 ± OM 
4.1 1.4f 

1947 

8.4 

6.1 

2.3 ± 1.6 

10.1 

14.2 

194$ 

26.8 

23.4 j 

3.4 =b 2.5 

10.0 

12.3 

2.2 ± 1.4 

1949 

Total 

36.0 

70.6 ! 

15.4 ± 6.3t 

12.7 1 

50.6 1 

17.1 ! 

64.2 

4,4 ± 1.0± 
13.6 4.1t 


*A11 data are means of 17 paira; this causes occasional discrepancies of .1. 
'*^Pruning weights were taken in the spring. 

♦♦♦Standard error of difference. 
tDifference sipmiffcant. 

^Difference highly signiffcant. 
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Discussion 

Pinching off the terminal growth at or just after blossoming time 
increased the yield over no treatment. This increase was significant 
the first year and for the sum of the five years, but it was not significant 
in any one of the last four years of the test. Pinching retarded growth, 
as measured by the weight of prunings removed, in four years out of 
five. This reduction in growth was significant for three years, and 
highly significant for the sum of the five years. 

Increased fruit production normally results in less vegetative growth. 
Pinching is a form of pruning and pruning is a dwarfing process, so 
growth on the pinched vines would be retarded by both the increased 
production and by the pinching. The untreated Champanel vines pro- 
duced more wood growth and less fruit for the five-year period. 

The pinching did not stimulate the development of lateral growths 
from the pinched shoots. Only the apical bud developed, and the re- 
sulting canes were almost indistinguishable from those that had not 
been pinched. 

Bioletti and Flossfeder (1) in California concluded that “pinching 
was devitalizing, and not advantageous, excepting on exceedingly 
vigorous vines, to promote the growth of fruitful laterals, or to reduce 
wind injury. Also continued topping or pinching year after year might 
almost ruin a vineyard"'. The results of the present test on Champanel 
are not in agreement with the results of Bioletti and Flossfeder, prob- 
ably because Champanel is far more vigorous and less productive than 
the varieties that they used. However, they point out that the treat- 
ment should be used only on exceedingly vigorous vines. Champanel 
under the conditions of the present test appears to be such a variety. 

Summary 

In an experiment conducted over a five-year period at the United 
States Horticultural Field Station, Meridian, Mississippi, pinching 
off the terminal growth of spur-pruned Champanel grape vines at or 
just after blossoming time significantly increased the yield of fruit and 
decreased the weight of prunings. The treatment is recommended only 
for varieties that are excessively vigorous in relation to the amount of 
fruit produced. 
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The EflPect of Different Methods of Spur Pruning Upon 
the Production and Growth of Muscadine Grapes^ 

By N. H. Loomis, U, S. Department of Agriculture, Meridian, 
Miss., and M. M. Murphy, and F. F. Cowart, Georgia 
Agricultural Experiment Station, Experiment, Ga. 

S PUR pruning of muscadine grapes has given greater yields of fruit 
than cane pruning, but no information is available to indicate the 
most desirable length to which the cane growth should be cut for maxi- 
mum production. In order to obtain information of this character, tests 
were initiated both in Geor^a and in Mississippi. At the Georgia 
Agricultural Experiment Station, Experiment, Georgia, in 1943, Hunt 
vines 15 years old were used. The test consisted of 21 vines selected for 
uniformity, as indicated by past yield records, and under a uniform 
cultural treatment. These were divided into three randomized treat- 
ments of seven vines each (seven individual vine plots). The treat- 
ments were: 

I. Canes pruned to spurs about 4 inches long with two to four 
buds ; 5 per cent or less of spurs entirely removed to prevent 
excessive crowding. 

II. Same as I, plus removal of approximately one-half of spurs. 

III. Canes pruned to spurs 8 to 10 inches long with seven to eight 
buds, plus removal of approximately one-half of spurs. 

A somewhat similar test was initiated in 1944 at the United States 
Horticultural Field Station, Meridian, Mississippi, on 10-year old 
Thomas vines. The test included 32 experimental vines. The treatments 
consisted in varying the length of the spurs from one to four buds. 
There was one row in each treatment. The culture was uniform 
throughout this experiment, though different from that in the Georgia 
test. The results of the two tests are presented in Tables I and II. 

Discussion 

The total yields produced by vines receiving the different treatments 
did not differ significantly^ in either test. Vines in the short spur 
pruning treatment at the Georgia station produced a greater yield than 
those in the other treatments. In Mississippi, vines pruned to 4-bud 
spurs yielded more than those pruned to shorter spurs. However, 
continued pruning to four buds per spur without thinning the spurs 
so weakened the vines that their vigor, as measured by weight of 
prunings removed at the end of the fifth season, was reduced. This re- 
duction was significant excepting between the 2-bud and 3-bud treat- 
ments, and between the 3-bud and 4-bud treatments. Not only was the 
amount of growth reduced but the vines with the longer spurs de- 

co-operative contribution ai^roved by the United States Department of 
Agriculture; and by the Director, Georgia Experiment Station as No. 186, 
Journal Series. ^ 

“The data were analyzed by the Method of Group Comparisons as given % 
George W. Snedecor in ‘^Statistical Methods.” 
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TABLE I— Effect of Differential Pruning Treatments on the Five- 
Year Average Yield of Hunt Muscadine Grapes (Georgia Agri- 
cultural Experiment Station, 1943 to 1947) 



Weight of Fruit 

Treatment 

Pounds 
Per Vine 

Tons 
Per Acre 

1 . Spurs about 4 inches long with two to four buds 

80 

5.7 

2. Same as 1 , plus removal of one-half the spurs .... 

70 

5.0 

3. Spurs 8 to 10 inches long with seven to eight buds, plus removal of one- 
half the spurs 

71 

5.1 


The vines were spaced 14 by 21 feet. Acre 3 deld computations exclude the area occupied t 
non-bearing pollinating vines interplanted in the ratio of 1 to 7 as extra plants in the vineyan 
These were allowed a total of feet of row space each. 


TABLE II — Effect of Pruning Treatments on the Five-Year Average 
Yield of Thomas Muscadine Grapes and Upon Vigor as Measured by 
THE Average Weight of Prunings at the End of the Fifth Season 
(U. S, Horticultural Field Station, Meridian, Mississippi, 1944 to 
1948)* 


of Fruit Weight 

of Prunings 

Tons Per Acre (Pounds Per Vine) 

5.1 14 ± 2.1** 

6.4 8 ± 0.7 

5.6 7 d= 1.5 

6.4 5 ±0.8 

♦The vines in Mississippi were spaced 16 by 10 feet. Acre yields are calculated upon the basis of 
one in nine vines being an unfruitful pollinator. 

♦♦Standard error. 

foliated so early that the fruit did not color well nor ripen uniformly 
and its market value was considerably reduced. There was also a 
marked tendency toward alternate bearing by the long-spur vines. 
Whether these conditions would exist with other varieties has not 
been determined. At Experiment, Georgia, the Hunt variety pruned to 
spurs^ of two to four buds has, from all indications under the cultural 
practices employed, continued to produce heavy yields of good quality 
fruit over a period of several years. There was a greater tendency to- 
ward alternate bearing with the vines pruned to spurs of two to four 
buds with practically no spur thinning (treatment 1) than in the case 
of vines on which a comparatively large amount of spur thinning was 
done (treatment 2). 

No records were taken on the size of berries or on the number of 
berries per cluster, but from casual observation there did not appear to 
be any difference in the size of fruit due to treatment. Not all buds on 
the longer spurs grew, whereas on the one- and two-bud treatments 
practically every bud grew and some adventitious or latent buds de- 
v^ped from the spurs and arms of the vines. Where the spurs were 
thinned or the spurs closely pruned more of the remaining buds de- 
veloped and pmbably the clusters were larger, which would account 
for the small differences in yield between treatments. 

The reduction in vigor caused by leaving more buds would indicate 
that a heavier rate of application of nitrogenous fertilizer would be 
advisable. Quite different results might be obtained if the experiments 


No. IsJq^ Weight 

of Buds of Vines 

Per Spur Pounds Per Vine 

1 8 42 

2 8 45 

3 6 46 

4 10 63 
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were conducted at different fertilizer levels. The rate was 2j^ pounds 
per vine, 375 pounds per acre, of 6-8-6 (N-P-K) fertilizer at Experi- 
ment; and lj4 pounds per vine, 408 pounds per acre, of 6-8-4 ferti- 
lizer at Meridian, excepting the last year when this was increased to 
2 pounds per vine, or 544 pounds per acre. 

Since neither the length of the spurs nor thinning the spurs as much 
as 50 per cent significantly affected the yields, the exact type of spur 
pruning used with muscadine grapes appears to be relatively immate- 
rial so far as yield is concerned. Generally short spur pruning and some 
spur thinning facilitates cultivation, harvesting, and trellis upkeep. 
Hence the type of pruning should be determined by the vigor of the 
vine, the quality of the fruit, the ease of carrying on vineyard operation, 
and the personal preference of the operator. 

Summary 

Varying the length of the spur in pruning Hunt muscadine grapes 
and the removal of 50 per cent of the spurs did not significantly affect 
the total yield of fruit obtained in a five-year test at the Georgia Agri- 
cultural Experiment Station, Experiment, Georgia. Similarly varying 
the number of buds per spur from one to four did not significantly 
affect the total yield of Thomas muscadine grapes in a five-year test 
at the United States Horticultural Field Station, Meridian, Mississippi. 
The vigor of the Thomas vines as measured by weight of prunings 
removed at the end of the fifth year was the greatest for those treat- 
ments in which the vines were pruned the closest. 



Further Experiments in Fertilizing Blueberry 
Hardwood Guttings^ 

By C. D. SCHWARTZE and Arthur S. Myhre, Western 
Washington Experiment Station, Puyallup, Wash. 

I N AN EXPERIMENT (2) reported previously two of three fertilizers 
applied to blueberry hardwood cuttings in a peat-sand medium pro- 
duced a desirable increase in top growth. Ammonium phosphate (11- 
48-0) gave better results than tankage and as good results as a pre- 
pared fertilizer containing major and minor elements. The results in- 
dicated the most desirable rate of fertilization to be somewhere between 
30 and 60 pounds of actual nitrogen per acre. This experiment raised 
questions as to the importance of the source of nitrogen and the possible 
benefits of other major elements. In 1948 an experiment was set up to 
compare the effects of ammonium sulfate, ammonium nitrate, ammo- 
nium phosphate and sodium nitrate and combinations of these nitrogen 
sources with phosphorus and potash. 

Materials and Methods 

Cuttings of the Jersey variety obtained March 27 were rooted in peat- 
sand (3:1) in sash-covered frames under a lathhouse. Duplicate lots 
were rooted with and without bottom heat. The frames were divided so 
that different fertilizers could be applied to lots of one hundred cuttings 
each. When secondary top growth indicated that the cuttings were 
rooted, fertilizers were applied in dry form to the surface of the medium 
between the rows of cuttings and the beds were watered. The beds with 
bottom heat were fertilized July 1 ; those without heat, July 22. Ferti- 
lizers were applied at rates required to supply 40 pounds of actual nitro- 
gen per acre. The cuttings were taken up November 29-30, 1948. The 
fertilizer applications and the resulting top growth are shown in Tables 
I and 11. 


TABLE I — Fertilizer Response of Jersey Hardwood Cuttings Rooted 
With Bottom Heat (100 Cuttings Each Lot, Set March 27, 1948, 
Examined November 29-30, 1948. Fertilizer Applied July 1) 


Fertilizer Treatment 

N-P-K 
Equiva- 
lent (Lbs 
Per Acre) 

Roo 
(Per 1 

Cent) 

(PerCe 

Shoot ] 
nt of Rc 

Length 

)oted Cuttings) 

Good 

Total 

Over 
18 In 

12 to 
18 In 

6 to 
12 In 

Under 
6 In 



83 

92 


Q 

58 

36 

Ammonitmi sulfate 

40-0-0 

85 

93 

16 

35 

34 

15 

Ammonium nitrate 

40-0-0 

94 

96 

18 

35 

39 

8 

Sodium nitrate 

40-0-0 

94 

96 

12 

30 

50 

8 

Ammonium phosphate < 1 1-48) 

40-175-0 

91 

93 

19 

34 

40 

7 

Ammonium phosphate (16-20) 

40-50-0 

91 

95 

16 

25 

53 

7 

Ammonium sulfate, superphosphate 

40-50-0 

92 

94 

10 

44 

37 

9 

Ammonium sulfate, superphos., muriate 








of potash, i 

40-40-40 

86 

91 

14 

23 

52 

11 

Ammonium sulfate, superphos., sulfate 








of potash 

40-40-40 

88 : 

92 i 

15 

24 

45 

16 

Sodium nitrate, superphos., muriate of 



I 





potash 

40-40-40 

80 

89 

10 

27 

46 

17 

Sodium nitrate, superphos., sulfate of 








potash 

40-40-40 

85 

91 

IS 

22 

44 

16 


^Published as Scientific Paper No. 839, Agricultural Experiment Stations, 
Institute of Agricultural Science, State College of Washington. 
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TABLE II — Fertilizer Response of Jersey Hardwood Cuttings 
Rooted Without Bottom Heat (100 Cuttings Each Lot, Set March 
27 , 1948 , Examined November 28 - 30 , 1948 ; Fertilizer Applied July 
22 ) 


Fertilizer Treatment 

N-P-K 
Equiva- 
lent (Lbs 
Per Acre) 

Rooting 
(Per Cent) 

Shoot Length 

(Per Cent of Rooted Cuttmys) 

Good 

Total 

Over 
18 In 

12 to 
18 In 

6 to 
12 In 

Under 
6 In 

None — Check 


78 

90 





52 

48 

Ammonium sulfate . . . . . 

40-0-0 

86 

91 

3 

19 

51 

27 

Ammonium nitrate 

40-0-0 

88 

93 

3 

16 

45 

36 

Sodium nitrate 

40-0-0 

92 

95 

5 

12 

61 

22 

Ammonium phosphate (n--48) 

40-175-0 

90 

94 

4 

16 

55 

25 

Ammonium phosphate (16-20) 

40-50-0 

90 

95 

7 

20 

46 

27 

Ammonium sulfate, superphosphate - . . 
Ammonium sulfate, superphos., muriate 

40-50-0 

89 

92 

7 

20 

40 

33 

of potash 

Ammonium sulfate, superphos., sulfate 

40-40-40 

85 

91 

6 

12 

57 

25 

of potash j 

Sodium nitrate, superphos., muriate of 

40-40-40 

85 

90 1 

2 

20 

50 

28 

potash 

Sodium nitrate, superphos., sulfate of 

40-40-40 

82 

89 

3 

19 

53 

25 

potash 

40-40-40 

85 

92 

1 

17 

56 

26 


Shoot growth was increased by all fertilizer treatments in comparison 
with the unfertilized lots. Again, as in the previous year, no detrimental 
effects were observed. Nitrogen at the 40 pounds per acre level per- 
mitted adequate maturity of the shoots and roots so that the plants 
could be dug and handled in late November without breakage. 

Essentially the same results were obtained with all four of the nitro- 
gen sources. The addition of phosphorus and potash in either form did 
not have noticeable effect upon top or root development in comparison 
with lots treated with nitrogen only. As in previous experiments in the 
same location (3) bottom heat induced earlier rooting, permitting 
earlier fertilization and greater total plant growth for the season. In the 
unheated beds, approximately 27 per cent of the fertilized plants pro- 
duced more than twelve inches of shoot growth. With bottom heat, over 
60 per cent of the fertilized plants made shoot growth over twelve inches 
in length. 

Increasing top growth in the propagating frame is worthwhile be- 
cause it increases the salability of rooted cuttings. Most of the blue- 
berry propagators in the Puget Sound area transfer rooted cuttings to 
peat-filled open frames where they are grown for another year before 
being sold or transferred to nursery rows in the field. Under these con- 
ditions the fertilization of cuttings will be of value only if it results in 
larger plants at the time that they are sold for planting stock. To de- 
termine this point, 24 Jersey plants representing an approximate aver- 
age of those grown in a ''check'' treatment in 1947 and a like number 
fertilized with ammonium phosphate in the propagating bed w’ere trans- 
ferred to an outdoor peat bed in the spring of 1948. The two lots were 
set at the same spacing and received identical treatment, including fer- 
tilization with ammonium phosphate and frequent sprinkler irrigation. 
In January, 1949, total shoot length per plant was determined by 
measuring each shoot. The "check" plants had made shoot growth 
averaging 49.6 inches per plant while the larger plants from the ferti- 
lized propagating bed had made total shoot growth averaging 80.5 
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inches per plant. These measurements represent a conservative estimate 
of total growth which would be more accurately represented by volume 
than by length. The diameter of shoots is roughly proportional to their 
length and the longest and thickest shoots were produced on the ‘‘fertil- 
ized’' plants. 

On the basis of this experiment and the previous one, it may be con- 
cluded that propagation of the cultivated blueberry from hardwood cut- 
tings in Washington is improved by fertilizing the cutting beds with 
fertilizers containing soluble nitrogen in the form of ammonium phos- 
phate, ammonium sulfate, ammonium nitrate or sodium nitrate at a rate 
approximating 40 pounds of actual nitrogen per acre. With ammonium 
sulfate this rate requires only 2 grams per square foot or approximately 

ounce for a standard 3 by 6 foot bed. It seems likely that the detri- 
mental effects sometimes reported have been the result of over-ferti- 
lization. The time of application does not seem to be very important so 
long as the fertilizer is available to the plants as soon as roots are 
formed. 

It is worth noting that satisfactory results were obtained with mixed 
fertilizers containing muriate of potash, which is reported (1) to be 
injurious to blueberry plants and is not recommended for use on field 
plantings. 

Summary 

Desirable increase in growth of blueberry hardwood cuttings was 
obtained by fertilizing propagating beds containing peat-sand with 
fertilizers containing nitrogen in the form of ammonium phosphate, 
ammonium sulfate, ammonium nitrate, or sodium nitrate either alone 
or in combination with phosphorus and potash. The form of nitrogen 
or of potash did not affect the results. The increased shoot growth re- 
sulting from fertilizing the cuttings was still evident in 2-year-old 
plants. It is suggested that fertilizers be applied to cutting beds at rates 
that would provide approximately 40 pounds of actual nitrogen per 
acre. Propagators should exercise due caution to avoid over-fertilizing. 
Electric bottom heat resulted in earlier rooting and greater total re- 
sponse to fertilizers than was observed in unheated beds. 
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A Preliminary Report on the Control of Mummy Berry 
(Sclerotinia vaccinii) in Blueberries by the Use of a 
Chemical Weed Killer 

By Stanley Johnston, South Haven Experiment Station, 
South Haven, Mich, 

T he mummy berry disease sometimes causes very heavy losses in 
blueberry plantations in Michigan and in other blueberry-produc- 
ing states, both in wild and cultivated fields. 

Darrow, Wilcox, and Beckwith (1) state that the disease is caused 
by the fungus Sclerotinia vaccinii Wor., and discuss its life history. 
Infected berries reach almost full size when they turn cream or tan 
in color and drop. Hard fungus structures (sclerotia) are formed 
within the fallen berries. The sclerotia may remain dormant for sev- 
eral years but if weather conditions the following spring are favorable 
each may produce one to several small, brown, toadstool-like growths 
(apothecia). If rains occur soon after the first leaves appear, spores are 
discharged from the apothecia vrhich infect the new leaves. Conidio- 
spores are formed on the infected leaves and young shoots. These 
in turn infect the flowers which later levelop mummied berries. 

Literature with reference to the control of mummy berry is limited. 
Wilcox (2) reported in 1939 that “experimental sprays of bordeaux 
mixture and lime sulfur reduced, but did not control, the primary 
infection”. Bailey et al in 1941 (3) stated that “the mummy berry 
disease was the most serious disease of cultivated blueberries in Massa- 
chusetts, and that spraying with 5-5-SO bordeaux mixture at the be- 
ginning and again toward the end of the blooming period seemed to 
be effective”. 

Darrow et al (1) in 1944 state, “spraying has been ineffective 
against the mummy berry disease. The control method most common 
in New Jersey consists in sweeping or raking the soil surface under 
the bushes and frequent tillage between the rows during the early 
spring when the spore-producing structures have started to form and 
before they have discharged their spores. The object of sweeping and 
tillage is to disturb the overwintering mummies at a critical period, 
’-thus stopping further apothecial development. An application of cal- 
cium cyanamide to the soil at the rate of 150 pounds or more per acre 
at the time of sweeping also seems to have been effective in rendering 
the mummies incapable of producing the spore-producing structures”. 

Bailey and Sproston (4) reported in 1946, “although control was 
not as good as desirable Fermate appears to offer real possi- 

bilities for controlling the mummy berry disease”. 

Extensive spraying experiments have been tried by the writer at 
the South Haven Experiment Station. These included the use of lime 
sulfur, bordeaux mixture, Fermate, Dow “Mike” sulfur, Isothane, 
and Dithane. Copper and sulfur dusts were tried. Ground cover treat- 
ments have included granular cyanamide, cyanamide in dust form, 
Elgetol, and sulphate of ammonia. While all of these treatments havq 
given partial control they have not been as effective as early and com- 

15^0 
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plete cultivation. Another complicating factor is that blueberry planta- 
tions grow on rather wet land and heavy spraying equipment is 
bogged-down much of the time in early spring. 

As this disease does not carry over in cankers or on blighted twigs, 
the vulnerable point from the standpoint of control, is to destroy the 
apothecia soon after they emerge from the ground and^ before they 
have discharged spores. This led to the use of Diesel oil and water 
fortified with Dow General Weed Killer (a concentrate of Dinitro- 
ortho-secondary-butylphenol) as a ground spray in the spring of 
1948 to ascertain if it would kill the apothecia. The formula used was 


as follows : 

Dow General Weed Killer gallon 

No. 1 fuel oil 30 gallons 

Water 100 gallons 

Total solution 130J4 gallons 


Comparative counts of diseased berries in the various treatments 


were as follows : 

Treatment Total number Number of dis- Percentage dis- 
Berries Examined eased Bernes eased Berries 

Check 1003 110 10.9 

Clean cultivation 

and hoeing .... 1009 57 5.6 

Dow General Weed 

Killer and oil . . 995 76 7.6 


Only one spray of the Dow General Weed Killer and oil was used. 
It is believed from later work that a second spray about 10 days after 
the first would have reduced the percentage of infection still more. 

Clean cultivation and hoeing must be completed before growth starts 
for effective control. This is often impossible in large plantations due 
to the limited time available and normally unfavorable weather con- 
ditions for this kind of work in early spring. 

This experiment was repeated on a more extensive scale in the 
spring of 1949. Unfortunately, for the purpose of obtaining additional 
data, a dry spring resulted in no mummy berry infection in the check 
plots. However, it was clearly evident that the apothecia were killed 
on the sprayed plots. Healthy apothecia are light brown in color and 
turgid. After being sprayed the color changed to a dark, leathery 
brown, and shriveling of the tissues took place. Spraying into the 
crowns in early spring resulted in no injury to the plants. This ma- 
terial should not be us^ on the plant crowns later when the new shoots 
start emerging. 

In these experiments only the strip occupied by the plants and 
about 18 inches on each side was sprayed. The row middles were cul- 
tivated to destroy any apothecia emerging there. Only a comparatively 
small amount of spray material is needed to spray the strip in the 
plant rows and light equipment can be used, thereby avoiding the 
problem of bogging-down that occurs with heavy equipment. Experi- 
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merits are under way in which the entire area between rows will be 
sprayed. 

These experiments are to be continued with other weed killing 
materials. 

While this paper is primarily for the purpose of reporting on a pos- 
sible new method of control of the mummy berry disease, it should 
also be recorded that the use of the Dow General Weed Killer and 
oil aided greatly in weed control during the early spring. More ex- 
tensive experiments are being conducted in cooperation with the Dow’ 
Chemical Company Research Laboratory at South Haven on weed 
control in blueberry plantations and will be reported on later. 
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Growth and Yield Responses of the Temple Strawberry 
as Influenced by Plant Spacing, Width of Row, 
and Renewal Systems^ 

By R. G. Hill, Jr. and I. C. Haut, University of Maryland, 
College Park, Md, 

T he Temple strawberry variety recently introduced (3) because of 
its resistance to red stele, Phytophthera fragariae, Hickman, is be- 
coming widely planted in iMaryland's commercial strawberry areas. 
This paper reports the findings of an investigation to detemiine the 
growth and yield responses of the Temple strawberry to various plant 
densities ; that is^ thinning and spacing and width of row ; and it also 
presents results of a second study of the same plots following three 
systems of renewal. Previous work concerning the adjustment of 
plant density by thinning, spacing and width of row with strawberries 
has been reported by Crane and Haut (1), Darrow and Hearing (2), 
and Schrader (4), among others. 


Methods 


The experimental blocks were fitted early in April 1946, by plowing 
under a dense cover of weeds and discing in 5-8-5 fertilizer at the rate 
of 1,000 pounds to the acre. The soil used was a uniformly fertile 
Hyattsville loam, with 2 to 5 per cent slope, well drained, and of a 
deposition type 48 inches deep. The field had been left untilled for 
several seasons and strawberries had not been grown in the area in 


recent years. 

The experiment consisted of four replicate blocks separated by 3- 
foot aisles. Each block in the experiment consisted of 24 rows, 24 feet 
long, separated by 14-inch aisles. Within each block were randomized 
seven treatments of three rows each. The treatments consisted of 12-, 
18-, and 24-inch thinned rows ; 12-, 18-, and 24-inch matted rows ; 
and 24-inch spaced rows with 9-inch spacing between plants. The 
entire experiment was surrounded by a 24-inch matted Temple row 
with aisles identical to those of the experiment. In all cases the dis- 
tance between mother plants in the row was 24 inches. 


The plants were set April 10 and 11, 1946. Cultivation and weeding 
were begun immediately and continued throughout the growing sea- 
son. As soon as the runners began to form, about July 15, the spaced- 
row runner plants were pegged into position ; all other runners were 
removed once the desired stand was obtained in the spaced row. The 
other rows were treated during the growing season by periodically 
placing runners back into the respective row areas. The thinned rows 
were treated on September 1, 1946, by raking out the unrooted run- 
^ ners and cutting them free with a circular edger. The matted rows 
|were maintained by continually moving all runners formed into the 
^rea of the rows, so that all runner-plants were kept within the estab- 
^phed limits. 

^fecientific PtibIi<^tion No. A2S3. Contribution No. 2188 of the Maryland 
^^p^tural Experiment Station (Department of Horticulture). 



HILL AND HAUT: TEMPLE STRAWBERRY 


193 


Mulch was applied in the form of a 6-inch layer of wheat straw on 
December 2, 1946 and was removed on April 15, 1947. After the 
mulch was removed, sodium nitrate was broadcast evenly over the 
plot at the rate of 150 pounds per acre. The mulch, however, had to 
be reapplied on May 12 due to severe freezing w^eather. While some 
cold injury to early blossoms resulted, the damage was evenly dis- 
tributed over the experimental area. 

Plant population counts were made within three random square foot 
sections in representative areas of each row at the time of the initial 
mulch removal. 

Harvesting began on June 6, 1947, and continued at 3-day intervals 
until June 27. After picking, the fruit was culled and only U. S. No. 

1 grade was used for yield records. All records were made on the 
weight basis and later transposed to quarts. At intervals during har- 
vest, random pound samples of fruit from each type of row were ob- 
tained and the number of berries therein counted to obtain a factor as 
to relative size of fruit. 

When haiwesting had been completed, three random square-foot 
sections of each type of row were carefully removed. The plants from 
these square-foot sections were washed free of soil, counted, and then 
dried at 70 degrees C for 3 days. The w^eight of the plants from each 
type of row was obtained and averaged to determine the relative size 
of plant in each treatment. 

Following the fruiting season of 1947, three renewal systems were 
developed for second-year fruiting studies. These systems were as 
follows : (a) the original spaced row plants were maintained without 
allowing the development of additional runner-plants ; (b) the matted 
rows were kept within the previously established widths and allowed 
to form as many additional runner-plants as possible; and (c) the 
thinned rows were permitted to revert to matted rows within the 
established widths. Throughout the summer, the plots were cultivated 
at approximate 2-week intervals. 

A wheat straw mulch was applied on December 9, 1947, and was 
removed on April 22, 1948. The spring season was exceptionally 
favorable for berry production without severe freezes and wnth an 
ample moisture supply. 

Harvesting commenced on June 2 and ended June 22, 1948. Yield 
records, dry weights, and population counts were obtained as in 1947. 

Results 

The results of the investigation show that the Temple strawberry 
manifested definite responses in growth and fruiting behavior of the 
individual plant to modifications of the normal plant population by 
thinning and spacing practices. 

The data presented in Table I shows the significantly different 
growth responses of the individual plant resulting from the treatments. 
Dry weight determinations showed the average size of the matted row 
plant to be 4.8 grams, while the thinned row was one and one^half 
times as large (7.0 grams), and the spaced row plant was 10 times as 
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large (46.1 grams). This difference in plant size may be partially 
explained by the differences in number of plants per unit area. The 
matted rows contained an average of 13.6 plants, the thinned rows 9.1 
plants, and the spaced row 1.3 plants per square foot. Thus, by the 
methods employed the plant stand in the thinned rows was reduced 
33 per cent over that of the matted rows. Plant spacing to the distance 
of 9 inches between plants reduced the plant stand to approximately 
one-tenth that of the matted row. The effect of these modifications of 
plant stand become much more apparent when considered in relation 
to the number of square inches allowed the individual plant for the 
supply of soil moisture and nutrients. 

The fruiting behavior of the individual plant measured by yield of 
U. S. No. 1 berries shows equally marked responses to adjustments in 
plant stand. The matted row plants produced an average of 79.4 grams 
of fruit, the thinned row plants 105.9 grams, and the spaced plants 
673.0 grams of fruit. Thus, on a plant basis the thinned row produced 
about one-third more fruit than the matted row and the spaced row 
more than nine times as much fruit as the matted row. Also on the 
individual plant basis, the narrower-row plants produced more fruit 
than the wider-row plants under the same treatment. The size of the 
fruit was also affected by thinning and spacing treatments. The spaced 
row plants produced fruit that averaged 66.6 berries per pound ; the 
thinned row plants produced fruits that averaged 7^4 per pound, 
while fruits of the matted row plants averaged 81.9 per pound. 

It is interesting to note that the spaced row plants were approxi- 
mately 10 times as large, 10 times as fruitful, and had 10 times the area 
in which to develop as compared with matted row plants. 

An analysis of variance of the yield data after transposition to an 
acre basis showed that there was no significant difference between the 
yields of the various treatments. The average yields of the matted rows 
were 4,452 quarts, the thinned rows 4,075 quarts, and the spaced rows 
4,300 quarts to the acre. 

The effects of the renewal systems applied to the first year plots 
again showed the definite responses of the Temple strawberry to modi- 
fications of plant population. All three systems of renewal resulted in 
an increase in plant size as compared to the first year (Tables I and 
II). Those increases approximated 67, 33 and 121 percent for the 
thinned, matted and spaced row plots respectively. 

The renewal systems employed resulted in an increase in the num- 
ber of plants per unit area except in the case of the spaced rows 
(Tables I and II). The greater increase in plant population of the 
thinned rows may be attributed to the larger, more vigorous plants 
existing at the close of the first fruiting season. This factor combined 
with the comparative lack of crowding in this treatment resulted in 
more vigorous growth the second year and more runner-plant for- 
mation. 

The responses in fruiting behavior to these renewal systems showed 
the spaced-row plants to produce highly significant increases in yields 
over the matted and the thinned rows when compared on an acre basis. 
There was, however, no significant difference between yields of the 
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TABLE I— Influence of Width of Thinned, Matted, and Spaced Rows 
ON THE Performance of the Temple Strawberry (First Harvest 
Season) 1947 


Treatment 

and 

Width of Row 

Plants 

Per Acre 

Area 

Per Plant 
(Sq In) 

[Dry Weight 
Per Plant 
(Gms) 

Yield US 
No. 1 Quarts' 
(Acre Basis) 

US 

No. I’s ; 
Per Pound 

Yield Per 
Plant (Gms) 
US No. I’s 

12-inch matted . . 

273,755 

11.1 

1 5.54 

4.487 

81 

9,4 

18-inch matted . . 

333,648 

98 

! 4.81 

4.358 

81 

7 5 

24-inch matted 

374,609 

10.5 

1 4.11 

4,510 

83 

6 9 

Average 

327,337 

10.4 

4.82 

4,452 

81 

7.9 

12-inch thinned . . 

188,311 

15.1 

7.49 

4,128 

80 

12.6 

18-inch thinned . . 

229.501 

15.1 

6.61 

4,177 

78 

10.4 

24-mch thinned . . 

257,669 

14.6 

7.15 

3,921 

77 

8.8 

Average .... 

225.160 

14.9 

7.08 

4,075 

78 

10.6 

Spaced 

33,204 

108.2 

46.13 

4,300 

66 

73.4 


L S D 5 per cent level . . . 1.82 812 

L S D 1 per cent level . 2.50 1,114 


TABLE II — Influence of Width of Thinned, Matted, and Spaced Rows 
Followed by Different Systems of Renewal on the Performance of 
the Temple Strawberry (Second Harvest Season) 1948 


Treatment 


Area 

Dry Weight 

Yield US 

US ' 

No, I's 1 

Yield Per 

and 

Per Acre 

Per Plant 

Per Plant 

No. 1 Quarts! 

Plant (Gms) 

Width of Row 

(Sq In) 

(Gms) 

(Acre Basis) 

Per Pound 

US No. I’s 


Renewal B* 


12-mch matted . . 

457,378 

6.5 

6.59 

5,234 

71 

18-mch matted . . 

581,947 

6.1 

7.13 

5,376 

69 

24-mch matted . 

605,246 

6.5 

6.61 * 

5,222 

68 

Average 

548.190 1 

1 6.3 

6.44 1 

5,277 

69 


Renewid C* 


12-incli thinned . , 
18-inch thinned , 
24-inch thinned. . . 
Average 


376.960 

7.6 

12,80 

5,512 

56 

417,180 

7.8 

11.29 

5,482 

63 

481,446 

8.2 

11.46 

4.670 

65 

435,195 

7,9 

11.85 

5,221 

61 


8.4 

7.2 

5.6 


Spaced I 


33,204 


Renewal A* 
108.2 I 102.25 


7,072 


57 l 122.2 


3.29 571 

4.52 752 


♦Renewal system described in text. 


L S D 5 per cent level . . 
L S D 1 per cent level . . 


matted and thinned rows or between the various width of rows. The 
yields the second year were in all cases greater than those of the first 
fruiting season. This increased yield in the second fruiting season niay 
be partially accounted for by the freedom from frost dams^e during 
the blossoming season and an adequate moisture supply. Probably the 
most important factor contributing to the increase in yield was that of 
the increased size of fruit (Tables I and II). The data showed that the 
first year harvest required approximately 17 per cent more fruits 
from a matted row, 27 per cent more fruits from a thinned row, and 
15 per cent more fruits from a spaced row to make a pound of fruit, 
than did the renewal year harvest. 
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Summary 

The investigation was undertaken in an attempt to determine the 
interrelationship of various widths of row and plant spacings upon the 
yield of the Temple strawberry and to determine the responses of this 
variety when grown under these conditions to different types of re- 
newal systems. The results of the study conducted during 1946-48 
reveal the following points : 

1. Adjusting plant stand by thinning and spacing significantly in- 
creased the size of the individual plant and the number of fruits pro- 
duced per individual plant. 

2. Spacing plants increased the size of the individual fruits. 

3. On the medium-light soil on w^hich the study was conducted, there 
was no beneficial response as measured by acre yields in reducing the 
width of row^ of Temple strawberry from 24 to 12 inches. 

4. In the first fruiting season, there was no significant difference 
in acre yields between the types of treatments applied. However, the 
renewed spaced row gave significantly increased yields over the re- 
newed thinned, and matted row treatments. 
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Winter Injury to Red Raspberries as Affected 
by Cultivation or Mulching^ 

By John S. Bailey, Massachusetts Agricultural Experiment 
Station, Amherst, Mass. 

N umerous papers have been published concerning the relative 
merits of cultivation versus mulching at cultural systems for red 
raspberries. So far as the author is aware no information has been 
published relative to the effect of these two systems on the amount of 
winter injury occurring. Since winter injury to red raspberries is a 
serious problem in Massachusetts, this point needs attention. 

In the spring of 1942 a field at the experiment station in Amherst 
was set to the six varieties of red raspberries, Chief, Latham, Milton, 
Taylor, Washington and Marcy. In 1944 the field was divided in half. 
The west half was cultivated until mid- August when a cover crop was 
sown. The east half was given a fairly heavy covering of hay mulch. 
During the period 1943 to 1945 the whole area was uniformly fertilized 
with a liberal application of a 5-8-7 fertilizer annually. In 1946 each of 
these plots was sub-divided into halves. The south half of the cultivated 
plot has received each spring 15 pounds of nitrate of soda, equivalent to 
225 pounds per acre. The north half has received 30 pounds. In ad- 
dition, each of these plots was given 25 pounds of an 0-14-14 fertilizer 
at the time of sowing the cover crop. Of the two piulched plots the 
south one has received 15 pounds of nitrate of soda annually and the 
north plot none. Very liberal additional amounts of mulch have been 
put on the mulched plots from time to time. Each of the four plots is 
a little less than ^/ 2 o acre and contains two 21 -foot rows of each of the 
six varieties. 

All of the six varieties have suffered to some extent from winter 
injury. The two hardy varieties, Chief and Latham, have suffered 
much less than the tender varieties, Marcy, Milton, Taylor and Wash- 
ington. Each spring estimates were made of the percentage of total 
cane growth killed during the winter. Differences in winter injury 
between the two systems of culture began to show in 1946. Table I 
gives the average percentage of winter injury for the six varieties. 


TABLE I — ^Average Percentage of Total Length of Raspberry 
Canes Killed by Winter Cold 



1943 and 1945 

1046 to 

1948 


Cultivation 

Mulch 

Cultivation 

Mulch 

Pounds of NaNO, 



15 

30 

15 

0 

Chief 

12 

13 

10 

16 

11 

11 

Latham 

10 

13 

11 

15 

16 

17 


51 

52 

30 

30 

64 

74 

Taylor 

27 

24 

15t 

14 

54 

53 


53 

44 

54 

60 

58 

73 


63 

65 

75^ 

66 

82 

64 


♦Oiily one year. Kants removed because of leaf curl. 
fOnly two years. Kants removed because of leaf curl. 


*Contributicm No. 710 Massachusetts Agricultural Experiment Statitm. 
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The differences in winter injury between the cultivated and mulched 
plots during the three-year period 1943 to 1945 are not significant. 
The 1944 data are not comparable with those of the other years and 
are not included in Table 1. During the second three-year period, 1946 
to 1948, the hardy varieties, Chief and Latham, show no significant 
differences in injury between the mulched and cultivated plots. On the 
other hand, the more tender varieties, Milton and Taylor, suffered 
much more winter injury on the mulched plots. The varieties Wash- 
ington and Marcy were injured severely on both plots. These two 
varieties appear to be so susceptible to winter injury that cultural 
treatment made little difference. 

In some of these varieties the differences in winter injury under 
cultivation and mulching have beeen reflected in the yields obtained. 
Table II gives the total yields in pints for each variety under the 
various treatments. 


TABLE II — ^Total Yield Per Variety Per Plot in Pints 



1943 t 

0 1945 

1946 to 

1948 

Cultivation 

Mulch 

Cultivation 

Mulch 

Pounds of NaNO, 



15 30 

15 0 

Chief 

Lathaxn 

115 

97 

51 

62 

43 

67 

425 

61 

76 

49 

65 

24 

41 

322 

69 67 

29 46 

84 91 

16t 52 

66 71 

2* 37 

89 98 

60 70 

38 46 

58 50 

27 28 

57 38 

Milton 

Taylor 

Washington 

Marcy 

Total 


♦Only one year. Plant removed because of leaf curl. 
fOnly two years. Plant removed because of leaf curl. 


During the three-year period 1943 to 1945 the Chief and Latham 
varieties yielded considerably more in the cultivated than in the mulch 
plots. Since the mulch was not put on until the summer of 1944, it had 
not become well established during this period so that any effect would 
more likely be a retarding than a stimulating one. However, in the 
three-year period 1946 to 1948 the yields of these two varieties have 
dropped behind on the cultivated plots while on the mulched plots they 
have remained about the same or increased somewhat. With these two 
varieties where winter injury is not a factor, the mulched plots are 
now outyielding the cultivated. In the case of the Milton variety, the 
yield on the mulched plots equalled that of the cultivated during the 
first period. During the second period yield on the mulched plots was 
only half that on the cultivated plot. This is undoubtedly a result of 
the more severe winter injury on the mulched plots. Taylor has yielded 
equally well under the two types of treatment all through the ex- 
periment. It is probable that the reduction in yield resulting from 
winter injury on the mulched plots has been balanced by a reduction 
in yield resulting from reduced growth on the cultivated plots. The 
better yield of Washington under cultivation results from the better 
growth of this variety under cultivation. Under mulching it produces 
fewer large canes, the canes are more branched and tend to be more 
croaked and drooping. Winter injury to Marcy has been so severe 
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on all plots that yields have been low and there has been little or no 
difference between plots. 

The differential fertilization with nitrate of soda within the mulched 
and cultivated plots appears to have had no effect on either winter 
injury or yield. 

In conclusion, the points of especial interest are the failure of mulch- 
ing to increase winter injury on the hardy varieties Chief and Latham 
and the considerable increase in winter injury on Milton and Taylor 
under mulch. 



Chickweed Control in Strawberries With IPC^ 

By R. F. Carlson and J. E. Moulton, Michigan State College, 
East Lansing, Mich, 

C OMMON chickweed, Stellaria media (L.) Cyrill, is an annual prob- 
lem in many strawberry plantings in localized areas in Michigan 
and in many other states. Further, chickweed grows profusely on a 
well-drained sandy loam which is the soil type on which strawberries 
are frequently grown. Because of its crawling growth habit, chickweed 
soon spreads between the plants in the row, crowding them. Within a 
short time (4 to 6 weeks) the weed becomes matted over the entire 
field making it impractical to eliminate it by manual or cultural means. 
Consequently, growers are in need of a selective herbicide that can be 
used safely and effectively to control chickweed and save the straw- 
berry planting for a second and third crop. 

Since chickweed is a winter annual, most of the seed germinates in 
early September in Michigan. The seedlings grow and spread rapidly 
during the fall and early winter both in the open field and under a 
straw mulch. By early spring a large number of seeds are produced 
which remain dormant during the summer and germinate when the 
conditions are favorable in the fall. Thus, many first-and second-year 
strawberry plantings are infested with the weed. 

Materials and Methods 

During the fall of 1947 several herbicides including 2,4-D (2,4- 
Dichlorophenoxyacetic acid), Dow General (dinitro-ortho-secondary- 
butylphenol) and IPC (Isopropyl N-phenylcarbaniate) were tried at 
herbicidal concentrations for the control of chickweed in strawberries. 
The ‘^dinitro” compound was included because it had given promising 
performance when applied in the fall on annual weeds in strawberries 
(6), and the 2,4-D because of the resistance of strawberry plants to it 
(1). Because IPC had exhibited selective properties on grasses and 
some broad-leaved weeds it was also included (2, 4, 5) , It also had been 
found that IPC killed common chkkweed when applied at low con- 
centrations (3 pounds per acre) to , a lawn overgrown with the weed 
(3)* 

From these preliminary tests in 1947 it was found that IPC control- 
led chickweed ; Dow General ‘‘fetrned” the foliage of both chickweed 
and strawberry plants ; and 2,4^ showed no visual effect on chick- 
weed. In the fall of 1948 the tests were limited to IPC at four con- 
centrations, namely, 5, 10, 15, and 25 pounds per acre and at different 
intervals (September, October and November). Two locations were 
chosen in southwestern Michigan where chickweed is serious in many 
strawberry plantings. The soil type at one location was a Coloma sandy 
loam and at the other a Plainfield sandy loam. The Robinson variety 
was grown at one location and the Premier at the other, both plantings 
having been started the previous spring (1948). 


^Journal Article No. 1110 of the Michigan Agricultural Experiment Station. 
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The technical grade of IPC was diluted wdth enough talc so that it 
could be dusted evenly over the strawberry rows. The material was 
applied at both locations on September 20, October 22 and November 
12. At the date of the first application the chickweed was in the 2- 
leaved^ stage ; at the second it was spreading over the ground ; and at 
the third it was matted in and between the rows. Flowering of the 
weed began at the second application (October 22), The strawberry 
plants were vigorous and had numerous runner plants. At the time of 
the first application, September 20, it is probable that they were still 
initiating flower buds since that occurs during the month of September 
and well into October in Michigan. 

At both locations the plots consisted of 25 feet of the row and two 
rows were used for each treatment. The rows originally were planted 4 
feet apart and at the time of the applications w^ere in a matted row about 
18 inches wide. The dust form of IPC was applied with a small hand 
operated duster. Care was taken to distribute the dust evenly over the 
entire row where the weed is difficult to remove by hand pulling or 
hoeing. The check rows were weeded by hand. 

Results 

Effects on Chickweed : — At the time of the November applications, 
the chickweed in the plots treated in September w^ere apparently dead 
at the higher concentrations (10, IS and 25 pounds per acre). At the 
lower rate (5 pounds per acre) about 20 per cent of the chickweed 
was still alive. The chickweed in the treated plots appeared grayish, 
water-soaked as compared to the green vigorous growth in check rows. 
The water-soaked appearance was most pronounced on the 2- to 3-inch 
basal portion of the stem. Many of the leaves w’-ere dark green with a 
leathery appearance, and considerably thicker than leaves from un- 
treated chickweed. 

The chickweed treated October 22, had begun likewise to take on 
a slightly wilted and water-soaked appearance by November 12. On 
December 15 similar effects on the chickweed were noticed in the 
November 12 applications at all rates. At that time the weed in the 
earlier applications had started to turn brown. 

The following spring (April IS) all of the chickweed in the 15- and 
2S-pound applications was dead and in the 5- and 10-pound rates about 
80 to 95 per cent was controlled. This held true for all applications 
(September, October and November) and for both locations (Fig. 1). 

Effect on Strawberry Plants : — ^A slight marginal color change (yel- 
low) of the younger leaves was observed in November on the plants 
that had been treated in September. This change was most noticeable 
at the high concentration (25 pounds per acre). This effect was noticed 
also in the spring on plants treated with the high concentration and at 
different times the previous fall Flowering appeared normal and oc- 
curred at the same time as the plants in the check rows. From general 
observations yield also compared favorably to the untreated hand- 
weeded check rows. No varietal differences were observed as to re- 
sistance to the material (IPC). 

November 20, 2 months after the September applications, 20 plants 






Fig. 1. Effective control of chickweed with IPC. Bottom row treated with 10 
pounds of IPC per acre, and top row untreated. Treatments made in 
September and photographs taken the following May. 


were dug from each treatment and from the check rows and were 
planted and grown in the greenhouse. At the time of transplanting, 
the plants were examined carefully for possible injury to the roots or 
crowns, but no visible effects were noticed. The plants grew normally 
and fruited in March in the greenhouse. After they had fruited they 
were dug and examined further. It was noticed that the roots of the 
plants that had been treated with 25 pounds of IPC per acre were in- 
jured, as was indicated by the dark color and the formation of a num- 
ber of secondary roots at the base of the crown. The roots of the plants 
from the other treatments (5, 10 and 15 pounds per acre) appeared 
normal and vigorous, and in addition the root systems were more 
extensive and better developed than those of the check plants (Fig. 2) . 
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Fig. 2. Strawberry plants from rows that had been treated with 5, 10, 15 and 
25 pounds per acre of I PC. Note, stimulatory effect of I PC. 

Summary 

Four rates of IPC (5, 10, IS and 25 pounds per acre) were applied 
at three different times (September, October and November) in 1948 
and at two locations to chickweed growing in plantings of Robinson 
and Premier strawberries. 

Satisfactory control of chickweed w^as obtained at all concentrations 
and from various times of application. The chickweed at first exhibited 
a water-soaked appearance at the basal portions of the stem and turned 
brown and died approximately 2 months after application. 

Apparent yield of fruit from treated plants was equal to that of plants 
in hand-weeded rows. Some injury to the plants was noticed at the 
high rate. 

Roots of strawberry plants appeared more vigorous from treated 
areas (5, 10 and IS pounds per acre) than from check rows. Some 
injury was noticed on roots of plants from the higher rate (25 pounds 
per acre) of application which showed up as darkening of the roots 
and formation of new roots at the base of the crown. 
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The Nutritional Status o£ the Cultivated Blueberry 
as Revealed by Leaf Analysis^ 

By John S. Bailey, C. Tyson Smith and Robert T. Weatherby, 
Massachusetts Agricultural Experiment Station^ Amherst, Mass, 

I n the fall of 1946 a few blueberry plants in the University 
planting showed a marginal reddening of the leaves suggestive of a 
magnesium deficient condition. Chemical analysis of the leaves of ap- 
parently healthy and apparently deficient plants showed a magnesium 
content of 0,10 to 0.14 per cent on a dry weight basis. Such a low mag- 
nesium content, although it might have been a seasonal effect, sug- 
gested the desirability of further study. 

In 1947 plots were laid out to determine the effect of magnesium 
sulfate applied broadcast dry at the rate of 500 pounds/acre and as a 
spray at 20 pounds/ 100 gallons. Each treatment was duplicated and 
untreated plots were left as checks. The soil pH varied from 4.3 
to 4.9. Treatments were made July 10. On July 1 before treatment, 
leaf samples were collected for analysis. At the same time leaf samples 
were collected from vigorous, high producing bushes from three blue- 
berry fields in the Cape Cod section. At each sampling leaves of the 
two varieties, Rubel and Pioneer, were collected. Each sample w^as a 
composite of leaves from several bushes. One or two leaves were 
picked from the mid-section of shoots of average length or a little 
over. The samples were taken to the laboratory, dried and analyzed for 
phosphorus, potassium, calcium, magnesium and in some cases nitro- 
gen by official A. O. A. C. methods: Nitrogen by Kjeldahl, phosphorus 
by molybdate (volumetric), potassium by chloroplatinate, calcium by 
oxalate (volumetric), and magnesium by the pyrophosphate method. 
Differences between the varieties were small and inconsistent except 
for calcium which was lightly higher in Pioneer. Only the data for 
Rubel are presented. 

The results of the analysis of the sample taken before treatment at 
the University and the samples from Cape Cod are given in Table I. 


TABLE I — Percentage of Elements on a Dry Weight Basis in Rubel 
Blueberry Leaves Collected July 1, 1947. 


Place 

N 

P 

K 

Ca 

Mg 

Cape Cod B 

Cape Cod C 

Cape Cod S 

University 

2.02 

1.98 

1.92 

0.18 

0.16 

0.15 

0,15 

0.63 

0.60 

0.64 

0.63 

oooo 

0.22 

0.19 

0.17 

0.20 


Since there are no leaf analysis data available for blueberries, an 
evaluation of these figures must be based on a comparison with other 
fruits. Nitrogen is about what one would expect in apple leaves of 
normal vigor. Magnesium would be considered almost down to a de- 
ficiency level. Potassium and calcium are very low compared to what 
one would expect in a healthy apple tree. 

To see what effect, if any, the magnesium applications had, leaf 

^Contribution No. 71 L Massachusetts Agricultural Experiment Station. 
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samples were collected from the series of plots at the University on 
September 3, 1947. Results are given in Table 11. 


TABLE II—- Percentage of Elements on a Dry Weight Basis in Rubel 
Blueberry Leaves Collected September 3, 1947 From Plots Treated 
With Magnesium Sulfate 


! 

P 

K 

Ca 

Mg 


/ 0.10 

0.53 

0.61 

0.20 


\0.11 

0.49 

0.60 

0.22 

Spray application 

/0.12 

\0.12 

0.53 

0-58 

0.64 

0.66 

0.25 

0.25 

U ntreated , . . , 

/ 0.11 

0.57 

0.56 

0.21 


\0.11 

0.56 

0.53 

0.22 


The magnesium content of these leaves is high enough so that a 
deficiency would not be expected if blueberries behave like apples. Soil 
application of magnesium sulfate certainly did not increase the Mg 
content of the leaves. The spray applications appear to have increased 
the magnesium content of the leaves of these Rubel bushes in 1947 
but there was no carryover into 1948. A similar comparison made in 
1947 with the varieties Burlington and Atlantic gave the following 
percentages of Mg: Burlington unsprayed 0.19, sprayed 0.19; Atlantic 
unsprayed 0 . 22 , sprayed 0.21. Since only one of the three varieties 
sprayed with magnesium in 1947 showed any increase in magnesium in 
the leaves, it is possible that Mg SO 4 is not readily absorbed through 
the leaf surface because of its waxy nature. Again, phosphorus, potas- 
sium and calcium are low, although calcium is about double that of 
the leaves sampled in July. 

In July, 1948, leaf samples were again collected from the magnesium 
treated plots and. analyzed. The results are given in Table III. 


TABLE III — Percentage of P, K, Ca, and Mg on a Dry Weight Basis 
IN Rubel Blueberry Leaves in July, 1948 from Plants Treated with 
Magnesium Sulfate in July, 1948. 



P 

K 

Ca 

Mg 

Soil treatment 

0.14 

0.80 

0.23 

0.13 


0.15 

0.89 

0.27 

0.15 

Spray treatment 

0.13 

0.87 

0.27 

0.16 


0.13 

0.82 

0.31 

0.16 

Untreated 

0.13 

0.74 

0.25 

0.16 


0.13 

0 85 

0.28 

0.14 


Here, again, it is obvious that the magnesium sulfate applications 
have not increased the Mg content of the leaves. Since the cultivated 
blueberry bush has such a shallow root system, it is rather surprising 
that enough of the magnesium was not taken up to cause a difference 
in the leaves. It is also apparent that in this case all the four elements 
are low compared with other fruits. 

In order to get more information on what could be expected in good 
healthy, vigorous bushes, two more series of leaf samples were col- 
lected in the Cape Cod section in the summer of 1948, one series in 
July, the other in September. The bushes from which these samples 
came were all growing in well cared for and liberally fertilized fields. 
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The bushes were all large, mature bushes, shoulder high or over, and 
had every appearance of being healthy, vigorous and productive. The 
results are given in Table IV. 


TABLE IV — Percentage of P, K, Ca and Mg on a Dry Weight Basis 
IN Leaves of Vigorous, Mature, Rubel Blueberry Bushes in the 
Cape Cod Section in July and September, 1948. 


Date 

P 

K 

Ca 

Mg 


Jul 19 

Sep 7 

Jul 19 

Sep 7 

Jul 19 

Sep 7 

Jul 19 

Sep 7 

Location 









1 

0.15 

0.09 

0.64 

0.60 

0.20 i 

0.34 

0.12 

0.11 

2 

0.14 

0.08 

0.57 

0.86 

0.23 i 

0.31 

0.14 

0.14 

3 

0.14 

0.08 

0.68 

0.54 

0.21 i 

0,45 

0.13 

0.14 

4 

0.14 

0.08 

0.58 

0.46 

0.29 

0.43 

0.17 

0 17 

5 

0.13 

0.09 

0.54 

0.56 

0.29 

0.54 

0.16 

0 19 

6 

0.13 

0.08 

0.53 

0-51 

0.23 

0.37 

0.12 

0.15 

7 

0.14 

0.09 

0.60 

0.76 

0.40 

0.66 

0.15 

0,18 

S 

0.15 

0.08 

0.53 

0.51 

0.21 

0.45 

0.14 

0.16 


These analyses show that, even in healthy, vigorous bushes, all four 
of the elements checked are lower than in other fruits. Phosphorus be- 
came extremely low in September. Change in potassium is inconsistent. 
Calcium increased, in some cases about doubling. There was little, if 
any, change in magnesium. 


Discussion 

Kramer and Schrader (3) suggested that because the highbush blue- 
berry growls on an acid soil naturally low in exchangeable bases a low 
cation requirement is necessary for growth under those conditions. 
The low leaf content of potassium, calcium and magnesium found in 
these studies supports this theory. 

Doehlert and Shive (1) suggested that the blueberry’s need for 
magnesium is slight and that growth may be easily retarded by an ex- 
cess. Doehlert and Mikkelsen (2) reported that where blueberry plants 
showed deficiency symptoms and were very low in magnesium “as little 
as 70 pounds of magnesium oxide per acre was sufficient to eliminate 
the leaf discoloration during the following season”. Although the mag- 
nesium content of the leaves analyzed in 1947 was at or near what 
would be considered an adequate level for other fruits, it was con- 
sistently low in 1948. It is obvious that the plants which received a soil 
application of magnesium sulfate failed to reflect any absorption of 
magnesium as revealed by the content of their leaves. Although the 
leaves of both the check and magnesium sulfate treated plants seem to 
be low in magnesium in 1948 as compared with other fruits, they were 
no lower in this element than the leaves from vigorous, high producing 
bushes from the Cape Cod section. It is possible that the treated plants 
failed to show increased leaf magnesium because they had not yet 
reached the deficiency level. 

Doehlert and Shive (1) also reported that the best nutrient solutions 
for blueberries were low in phosphate. The low phosphorous content 
of the leaves is a further indication of the blueberry plants’ low require- 
ment for this element. If the blueberry has a high anion requirement, 
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as suggested by Kramer and Schrader (3), the anions absorbed may 
be other than phosphate ions. 

These results suggest that the blueberry’s requirement for the four 
elements, phosphorus, potassium, calcium and magnesium, is lower 
than that for other fruits. 
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A Method of Controlling Experimental Error for 
Perennial Horticultural Crops^ 

By J. A. Rigney, E. B. Morrow, and W. L. Lott, North Curolum 
Agricultural Experiment Station, Raleigh, AT. C. 

W HEN an experiment is planned, the ideas in an experimenter’s mind 
follow a pattern something like this : “Treatments A and B may 
have ^different effects. If they do, this difference can be measured by 
applying one treatment to one set of plants and the second to another 
set of plants”. The observed difference in response of the two sets will 
afford a quantitative expression for the difference due to treatments, 
provided that the two sets of plants used and the environment are 
identical. If the two sets are not identical, the real treatment difference 
will be greater or less than that observed. It is possible to arrange the al- 
location of treatments so that the observed difference will be consistent- 
ly greater or less than the real effects. This procedure of course will 
introduce a bias in the results. It is also possible to allocate treatments 
to sets of plants so that the observed difference will be equally likely to 
be too large or too small; that is, so that the results are unbiased. 
Furthermore, experiments can be designed so that one can state the 
probability that an observed difference deviates from the true differ- 
ence by less than a certain amount. 

Many aspects of the problems in designing experiments with peren- 
nial crops are common to all field tests. However, there are some that 
are peculiar to tree type crops. In the first place, plant to plant variation 
is as great as in annual crops, if not greater, but the number of plants 
than can be used is very restricted. Secondly, perennial plants remain 
on the same sites year after year and any variation in plant performance 
due to plot differences are likely to remain even if the test is run for a 
number of years. 

This persistence of plant variation may be turned to the advantage 
of the experiment by proper planning. If the particular units that are 
to receive treatment A yield below those for treatment B before the 
treatments are applied, and this tendency persists throughout the dur- 
ation of the experiment, the treatment difference can be adjusted ac- 
cordingly. The statistical technique for making such an adjustment is 
called covariance analysis, and in many types of research has proven to 
be a powerful means of increasing experimental efficiency at a small 
cost. The technique is a standard one and is described in almost every 
text on statistics, yet it has not come into very wide usage. The reasons 
for the failure of this device to be more commonly used may be placed 
in two categories : (a) the unfamiliarity of investigators with the ap- 
propriate statistical techniques, and (b) the difficulty in obtaining 
adequate measures of the capacity of plants to produce prior to the ap- 
plication of treatments. The first category can be taken care of by edu- 

^Contribution from the departments of Statistics, Horticulti^re and Agronomy, 
North Carolina Agricultural Experiment Station, in coc^ration with tl^ U. S. 
Department of Agriculture, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, published with the approval of die Director as Paper Mttmber 317 
of the Journal Series. 
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cation, but the second requires actual research. This paper is directed 
toward the latter category. 

In most of the orchard or vineyard experimental sites in the South- 
east, soil gradients contribute a relatively small part to the total vari- 
ation in the field that can be statistically controlled by the usual modern 
designs. By far the greatest source of variation seems to be of the ran- 
dom plant-to-plant kind. Fisher (1) has pointed out that this type of 
variation can be controlled by using level of production as a criterion 
for setting up replications or blocks. That is, high-yielding plants can 
constitute one replication, and lower yielding plants another, irrespec- 
tive of their location in the area. However, this would mean that a 
single replication would not represent a compact unit of area, and the 
procedure would involve many physical inconveniences. Furthermore, 
there is no guarantee that the criterion used originally for forming 
replications would persist over several years. The obvious solution for 
this situation is to set up the experiments on the basis of the usual de- 
signs, such as randomized blocks or incomplete blocks of some kind. 
Then use any additional information that may be available to adjust 
treatment responses (2,3). 

The problem of obtaining satisfactory supplementary information 
requires some thought. In most of the examples in the literature, uni- 
formity yield data have been used. However, such information is usu- 
ally non-existent for commercial orchards and to obtain it would de- 
lay initiation of the experiment. Furthermore, many fruit trees tend to 
produce in cycles of two or more years. Since all trees within an 
orchard are not at the same phase of the cycle, it would be a stroke of 
good luck if a single year’s yield data were to be highly useful. How- 
ever, there should be other measures of potential yielding ability of a 
fruit tree or plant that could be determined immediately prior to ap- 
plication of the treatments and that would be very effective in account- 
ing for tree to tree variations. Two examples of the kinds of supple- 
mentary information that may be used will be given. 

In 1941 ten fertilizer treatments per replication were tested on blue- 
berries in eastern North Carolina. Three replications were used ; the 
10 plots in a replication consisted of five plants each. The site was in a 
commercial planting. All plants were pruned in the usual manner, as 
much fruiting wood being left on each plant as it seemed capable of 
developing. A count of the number of fruiting shoots per plant was 
made after pruning but prior to the application of the differential treat- 
ments. These counts were made only at the beginning of the experiment 
and were considered to be a measure of the initial bearing capacities of 
the plants. They were used to adjust yields in the covariance analysis 
of yields for each of two years. The results of this analysis are given 
in Table I. The variation in number of shoots accounted for 65 per cent 
of the plot variation in yields the first year. Without taking plant size 
into account, an observed difference between two treatment means 
would have had to be as large as 816 grams before one could be con- 
fident that one treatment was any better than another. By using the 
additional information, however, a difference of 443 grams led to the 
same conclusion. 
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TABLE I — Analyses of Covariance of Blueberry Yields (Y) in 1941 
AND 1942 AND Number of Fruiting Shoots per Plant (X) in 1941. 




Mean Squares (X 10-®) 


D. F. 





1941 

1942 

Replications 

2 

2,335 

2.255 

Treatments 

9 

238 

789 

Error 

18 

250 

399 

Error adjusted for number of shoots . . 

17 

66 

291 

Percentage reduction in error due to covariance 


65 

31 

L.S.D. without adjusting (gms) 


816 

1,084 

L.S.D. after adiustine (ems) 


443 

930 


It was of interest to see w^hether the differences in yielding capacity 
as estimated by number of fruiting shoots persisted for more than one 
year. As might be expected, the correlation was not so high the second 
year. Even so, using the 1941 estimates of plant size reduced the error 
by 31 per cent. There was quite a bit of ‘'stunt*' disease showing in the 
field the second year and this undoubtedly influenced the correlation to 
some extent. 

There is an additional effect of the covariance analysis that should 
be noted. Treatment No. 7 yielded significantly higher than the average 
of the test in 1942, as is shown by the means in Table 11. How^ever, 
the number of fruiting shoots for this treatment w^as high in 1941 and 
the adjusted treatment mean is brought dowm considerably, though 
it still is the highest in the test. Nine of the 10 treatments in this ex- 
periment formed a 3 by 3 factorial. Treatment No. 7 was in this fac- 
torial set and there was no apparent reason for this particular treat- 
ment to be high. It is possible that a more adequate measure of bearing 
capacity might have eliminated the seemingly illogical effects of this 
treatment altogether. 


TABLE II — Average Yield and Number of Fruiting Shoots 
FOR Ten Blueberry Treatments 


Treatment 

Average Number 

Average Yield 

Adjusted Yield _ 

No. 

Shoots /Plant 1941(X) 

Grams/Plant 1942(Y) 

Grams/Plant* 1942(Y) 

1 

60.9 

3,167 

3,047 

2 

54.1 

2,679 

2,822 

3 

47.7 

2,216 

2,606 

4 

58.5 

2.899 

2.872 

5 

59.1 

2,762 

2,713 

6 

56,0 

2,940 

3,009 

7 

72.5 

4.032 

3,46,5 

8 

57.9 

3,112 

3,108 

9 

54-0 

2,259 

2,406 

10 

57.3 

2,741 

2,760 


« Y - 38.6 (X ~ 57,8). 


The second example of types of data that may be used to predict 
plant performance is taken from a study on Scuppernong grapes at 
Willard, North Carolina, in 1948. Five magnesium treatments were 
tested in four replications with plots of four plants each. In attempting 
to predict plant performance prior to treatment it was assumed that 
the general vigor and the total producing area of a vine should be 
closely related to yields, although their evaluation must of necessity be 
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subjective. Two approaches were used: (a) Each of the eight arms on 
each vine was visually rated from 1 to 5 for vigor pd size (the highest 
score being the largest and most vigorous). This scoring was done 
independently by two observers, (b) The diameter of each arm was 
measured with calipers at a point 18 inches from the crown. In both 
cases the individual arm measures were cumulated for each vine. 

Table III shows the results of using the various measures as esti- 
mates of producing capacity. The visual scores did a very effective job 
of predicting yield differences within treatments, accounting for about 
60 per cent of the error variance. While this type of estimate may seem 
somewhat qualitative, its reproducibility is indicated by the similar high 
correlations for the tw'O operators. Arm diameters were even a little 
more effective than the vigor scores, reducing the errors by 77 per cent 
which was not expected by the investigators. Another unexpected result 
was the effectiveness of the two measures when combined in a multiple 
covariance. In this particular case, 95 per cent of the total plot vari- 
ation was predicted by these measures. 


TABLE III — ^Analysis of Covariance of Preliminary Grapevine 
Measures and Yields 


Replications 

Treatments 

Error 

Error adjusted for; . . , 

Score (Lott) 

Score (Rigney) 

Arm Diameter 

Score (L) + Diameter 


D. F. 

Mean Squares 

Correlation 

3 

298 


4 

145 


12 

211 


11 

84 

.798 

11 

72 

.828 

11 

53 

.878 

10 

12 

.975 


It is not known for how long a period the estimates of yielding ability 
used for the grapes will be effective, but there is reason to believe that 
they will be more permanent than the type of measure taken on the blue- 
berries. The blueberry fruiting shoot counts were subject to consider- 
able variation in the pruning before the counts were made, whereas 
normal pruning should not seriously affect the vigor scores or the arm 
diameters of the grapes. 

Again it is emphasized that these examples are given to demonstrate 
the usefulness of the covariance techniques even when the independent 
variable is such a subjective measure as visual scores. It is recognized 
that these particular measures may not be useful in other perennial 
^ps or in different types of experiments with these crops. However, 
&ere is reason to believe that in most cases effective measures of orig- 
itisd variation other than uniformity yield data can be obtained rather 
quiddy and at Uttle cost. 
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Training Graduate Students in Horticulture in the South 

By Julian C. Miller, Louisiana State University, 

Baton Rouge, La. 

D r. W. O. Scroggs, Dean of the Graduate School, Louisiana State 
University, in a paper written for the Alumni News said, “Dr. 
John W. Studebaker has aptly described the Graduate School as 'that 
unit of our educational system most directly responsible for stimu- 
lating research and for developing scholarly leadership’ Dean 
Scroggs further states, "In this postwar period our peace, progress 
and general welfare depend more than ever before upon the fruitful 
results of research and upon the production of scholars with the capaci- 
ty for effective intellectual leadership, and it is the duty of our Grad- 
uate School to help supply the country’s need”. 

For the past 25 years the demand for trained personnel in colleges, 
universities, and agricultural experiment stations, as well as in indus- 
try, has made it imperative that men majoring in Horticulture have 
training beyond that required for the Bachelor of Science degree. For 
a while it was considered sufficient for one with a Master’s degree to 
hold important positions of leadership, but usually those seeking 
younger personnel demand that the applicant have the training re- 
quired for the doctorate. In order to obtain this advanced training it 
has been necessary for southern students to go to our northern col- 
leges and universities. Some southern colleges and universities have 
attempted to give Master’s degrees, but today, with the exception of 
Maryland, none has a staff organized to give training in Horticulture 
for the doctorate. The result of these circumstances is that southern 
students have gone to northern institutions for their training toward 
the doctorate. Those of us who have been trained in the North appre- 
ciate what these institutions have been able to do for us. The unfor- 
tunate fact remains that many of the better students find positions in 
the North, with the result that the South is losing not only a good 
student but a potential leader who would help develop southern horti- 
culture. The southern student taking his graduate work in northern 
institutions generally conducts his research problem with some crop 
as grown in the North, and therefore he develops an interest in a sub- 
ject that usually is not a problem in the South. The resulting fact is 
that, if the student comes back South, he requires some time to adjust 
himself to thinking of strictly southern problems. 

There is an urgent need for a number of our leading colleges and 
universities to organize a well trained staff and to equip graduate and 
research laboratories in order that students from the South as well as 
other sections of the country may be trained for a doctorate in strictly 
southern problems. Fortunately, three institutions are now working to 
this end. A well equipped gradtmte school is not only needed for 
southern and other American students, but is urgently needed to train 
research workers of the subtropical and tropical regions since the 
problems there are similar to the problems in these areas. In the past, 
students from these areas have largely been trained in English, Dutch 
and German institutions which at this time are not able to take this 
responsibility. 
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It is the opinion of some of us that the present day curricula for 
most of the graduate students are not sufficient. The usual curricula 
for the graduate student consist of a given number of hours in two 
basic sciences in addition to certain .courses in the chosen field. In 
addition to these requirements- it is believed that the graduate student 
should have a good course in administration, advanced psychology, 
professional and personal ethics. Sooner or later the research worker 
has to take on the administration of his own activities as well as others. 
Certainly training in the above-mentioned subjects should advance 
the efficiency of his organization. For the past number of years the 
world has been in a turmoil and many of the ethical principles observed 
in the past have been set aside to a certain extent. It is the opinion of 
the speaker that research workers should be exponents of the highest 
moral and ethical principles. Any research worker visiting a laboratory 
should feel that all experiments and data can be shown to him without 
hesitation. Certainly all of us are benefited by frank exchange of per- 
sonal ideas. The graduate student should be taught not only profes- 
sional but personal ethics. He should be taught to appreciate what oth- 
ers have done for him. Here again, I wuuld like to say that the vast 
majority of students show such an appreciation, but on the other hand 
a few do not ; however, I think it is up to the graduate faculty to em- 
phasize to the student the importance of cooperative relationship with 
his fellow workers. 

Should all students working for the doctorate be required to gain a 
reading knowledge of French and German? Why not substitute addi- 
tional work in English or Spanish, or permit equal credit in a number 
of subjects in his scientific field? As a substitute for languages should 
the student not be allowed to read a sufficient number of books in the 
classical and scientific literature in order to gain additional credit? 
Certainly, these are some of the subjects now being discussed in 
graduate school councils throughout the country. It might be that the 
man who takes the traditional languages as part of his training would 
be given a Doctor of Philosophy degree, while the student who would 
take additional scientific work might be given the degree, Doctor of 
Science, or some other similar title. , 

For the past 15 years a number of institutions throughout the South 
have been giving the Master’s degree. At Louisiana State University 
over this period of time over 40 graduate students have been trained 
m Horticulture for the Master’s degree and about one-third of these 
students have completed their work for their doctorate at other insti- 
tutions throughout the country. While proud of the research conducted 
over this penod of time, those associated with these graduate students 
fed grateful to have had the opportunity to help train these men. There 
IS a definite need not only to train these students for a Master’s degree 
but also to give them an opportunity to study for their doctorate. Cer- 
tainly a number of our students should be sent to the northern institu- 
tions, but, at the same time, some of the northern students should 
come South. A free exchange of outstanding students from various 
sections of the country, as well as the world, makes for a better under- 
standing of research as well as harmonious relationship, both of which 
would make for intelligent leadership by clear-visioned, well-trained 
men capable of straight thinking. 



Adaptation of Punched Cards for Filing 
Horticultural References 

By David G. White and J. L. Mecartney, The Penttsylvania 
State College, State College, Pa, 

T he manner in which horticulturists maintain their references has 
become increasingly complicated with the increment of many new 
subjects. Many publications require a minimum of three or more refer- 
ence cards to be properly cross-indexed. Without cross-indexing the 
value of a reference card system is materially reduced but unfortunate- 
ly cross-indexing is so bothersome that most of us probably do no 
more of it than seems absolutely necessary. As a result we cannot 
readily find all the literature in our files on any particular subject. 
For several years government agencies and numerous industries 
have employed cards punched with holes adjacent to the margins for 
filing information concerning their personnel or other subjects. Each 
hole or combination of holes is assigned to a specific detail and the 
pertinent details on an individual card are identified by cutting notches 
or slots in the place of the holes. The notched card or cards will drop 
out of a group of cards which are not notched in the same place when- 
ever a needle-like sorter is passed through all the identical holes. 
Machines are used to sort a large number of cards and hand sorters 
are used with smaller volumes. Cross-indexing of an individual card 
is done by cutting notches for all the pertinent details with a hand- 
slotting punch designed for that purpose^ (see Fig. 1). 



Fig. I, Above, the hand-slotting punch designed for notching cards. 
Below, the hand sorter used to separate desired cards. 


^Cards and accessory equipmaat are manufactured by the McBee G>., Athens, 
Ohio, arad die Charles R. Hadley Co., Los Angeles, Calif- There may be other 
manufacturers not known to us; mention of the above companies is not to be 
construed ^ a specific recommendation. 
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The adaptation of punched cards for filing horticultural references 
seems advantageous since the system permits the maximum amount 
of cross-indexing with the minimum amount of effort and has proven 
to be rapid for locating all references to any particular subject. Cards 
5 by 8 inches in size furnish sufficient space for abstracting most ar- 
ticles and are somewhat easier to handle than smaller sized cards. The 
preparation of a key relating subjects to the marginal holes was rather 
complicated. The particular key in our system was designed specifical- 
ly for pomologists but it could be augmented to include all phases of 
horticulture or it could be modified to suit some phase of horticulture 
other than pomology. In fact one important advantage of this key is 
that a large number of additional details may be added any time. 

It is possible to notch each index card for both the subject or sub- 
jects concerned as well as for the particular fruit or fruits concerned 
(see Fig- 2) . In our system the holes on the left-hand margin and the 
upper holes of the right-hand margin are assigned letters of the alpha- 
bet, to and including X. The letters are indicative of the following 
general subjects : 

A — Chemistry 
B — Minerals and Nutrition 
C — Soils 

D — Cultural practices and fertilization 
E — Pruning, brush disposal, tree removal, wounds 
F — Blossom dates, dormancy, ecology, meteorology 
G — Fruiting, pollination, thinning 
H — Harvesting, grading, packing, packages 
I — Transportation, storage, processing 
J — Varieties, exhibits, districts 
K — Parasitic diseases 
L — Invertebrate pests 

M — Control of diseases and invertebrate pests 
N — Vertebrate pests and control 
O — Seeds 

P — Propagation and planting 
Q — Growth phenomena and light relations 
R — Respiration, translocation, transpiration 
S — Synthesis and other physiology 
T — Anatomy, morphology, genetics, and other botany 
TJ — Apparatus, methods, techniques, terminology 
V — Construction, economics, teaching, miscellaneous 
W — Not assigned 
X — Not assigned 

Each general subject is sub-divided by the numbered holes at the 
upper margin of the card. The reader may reconstruct all the sub- 
divisions from the alphabetical key given at the end of the article, if he 
wishes to do so. For example, a reference card relative to ^‘Minerals 
and nutrition'^ is notched at the letter B for this general subject. Fur- 
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Fig. 2. The punched card illustrated above is cross-indexed according to the 
key submitted with this article. This card would fall out from a mass of 
cards if a sorting needle were passed through the holes for any of the 
subjects notched on the margins. With the ordinary card filing system 
several cards would be required to index this reference with equal thor- 
oughness. The number “457” before the authors* names indicates the num- 
ber of the reprint in a personal collection. 


ther refinement is gained by notching an upper 
the following numbers : 


1 — Absorption of minerals 
5 — Balance of minerals 

2 — Deficiencies of minerals 
2 — Diagnosis of deficiencies 
5 — Mineral balance 

2 — Mineral deficiencies 
4 — Mineral toxicities 

3 — Minor elements 


hole at one or more of 

2 — Foliar analysis 

2 — Leaf analysis 

3 — Micronutrients 

1 — Mineral absorption 
6 — Radioisotopes 

4 — Toxicities of minerals 
3 — Trace elements 

6 — Tracer elements 


The repetition of numbers is intentional because they represent the 
same or similar subjects as they appear in alphabetical arrangement in 
the master key. Thus, the subject ‘'Absorption of minerals” and ‘'Min- 
eral absorption” are both assigned the code A reference dealing 

with the absorption of minerals would be notched at the left margin at 
“B” and on the upper margin at "1”. In this particular general subject 
only 6 of the 30 possible numbers on the upper margin are used and 24 
other sub-divisions could be added. Similar expansion is possible in 
each of all the other general subjects. In addition, the letters “W” and 
“X” have not been assigned a general subject and are open for future 
use. In all instances the cards on any general subject can be separated 
by passing the sorting needle through the holes corresponding to the 
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letter assigned the subject. A second pass of the sorting needle through 
an upper hole corresponding to a number assigned the sub-division 
will separate those cards. Two passes of the sorting needle are the 
minimum feasible and this is a distinct advantage in comparison with 
the customary three or more passes required by most systems. 

The value of the punched card does not end with the indexing of 
subjects since the holes at the bottom margin are utilized for reference 
to the individual plants. If the card is turned upside down, three sets 
of digits in groups of 10 are apparent. The right-hand set is keyed to 
major plant divisions as follows: 


0 — Drupes 

1 — Field crops 

2 — Unusual economic crops 

3 — Nuts and forestry 

4 — Ornamentals 

5 — Pomes 


6 — Small fruits 

7 — Sub-tropical and tropical 

fruits 

8 — Vegetables 

9 — Miscellaneous crops 
10 — Not assigned 


The center set of 10 digits is used to sub-divide the above major 
plant divisions. For example, number 6 refers to small fruits and 
number 1 following the 6 refers to brambles. The left-hand set of digits 
further sub-divides the brambles ; for example, number 1 as the third 
number would indicate blackberries. In the index key blackberries 
would be referred to as “611”. Many plants, such as apples, are listed 
under only two digits (“51”) and in all cases additional plants could 
be assigned numbers without duplication. The plant classfication is 
recognized in the key by absence of letters. 

On the right-hand margin of the card below the letter “X”, sufficient 
digits remain to indicate the first two letters of the author’s name, if 
desired. Various combinations of digits can be used for this purpose. 
It would be possible to utilize the same set of digits to indicate the year 
of publication rather than the author’s name. We have preferred to 
leave this space unassigned for the present. 

The extra hole on the left-hand at the bottom margin can be used 
to indicate whether a copy of the reference is in the files. The user of 
the punched card filing system may employ only part or all of the 
different indices described. In all instances, however, it is necessary 
that the correct notches be made or else the card will not be separated 
when desired. 

We have found it convenient to file the cards according to the gen- 
eral subjects listed previously because the majority of references re- 
quire indexing for only one subject. Cards which are notched only for 
a plant, such as “Strawberries in Pennsylvania”, are filed separately 
as plants having no particular subject. Cards which have been notched 
for two or more general subjects are filed as a group separate from 
those filed under single subjects. In this manner fewer cards are 
handled in sorting, although the entire mass could be filed without 
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segregation and individual cards located by “needling ’ the entire 
mass. 

Our key to the index system is condensed alphabetically within a 
“Zephyr Autodex”^ (see Fig. 3). These gadgets are ordinarily used 



Fig. 3. The “Zephyr Autodex”, open and closed, which condenses the alpha- 
betically arranged index key in a convenient and easily accessible naanner. 


for rapid access to telephone numbers or addresses. We have found 
them most convenient as the source of the index key because so little 
desk space is required and the code number of any item can be located 
rapidly. The key to the index system is listed on the following pages, 

'^Manufactured by the Zephyr American Corporation, New Yorlt N. Y, Similar 
gadgets are manufactured by other companies and are available in bo<ic stores. 
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The Key Used for the Adaptation of Punched Cards 
FOR Filing Horticultural References 


Abscission S-1 
Absorption of Minerals B-1 
Absorption of Water B-1 
Adaptations of Fruits V-2 
Aeration of Soil C-1 
After-ripening of Seeds 0-1 
Akee 731 
Almond 01 

Alternate Bearing G-1 
Analytical Methods A-1 
Anatomy of Buds T-1 
Anatomy of Flowers T-2 
Anatomy of Fruit T-3 
Anatomy of Leaves T-4 
Anatomy of Roots T-5 
Anatomy of Stems T-6 
Animal Manures D-1 
Annual Flowers 411 
Annual Legumes 111 
Annual Non-Legumes 121 
Anthracnose K-^ 

Aphids L-1 
Apomixis 0-3 
Apparatus U-1 
Apple SI 
Apple Scald 1-6 
Apricot 02 
Auxins Q-1 
Avocado 71 

Bacterial Diseases K-1 
Balance of Minerals B-S 
Bamboo 21 
Banana 732 
Base Exchange C-2 
Bees Lr-2 

Behavior of Roots P-12 
Biennial Bearing G-1 
Blackberry 611 
Blights K-2 
Blossom Dates F-1 
Blossom Thinning G-11 
Blueberry 641 
Borers L-2 
Bracing Trees E-4 
Brambles 61 
Brazil Nut 733 
Breadfruit 734 
Breeding T-7 
Bridge Grafting P-1 
Bru^ Disposal E-1 
Budding P-2 
Bud Sports T-^ 

Bush Fruits 62 
By-Products of Fruit I-l 
Cacao 735 
Cane Fruits 61 
Cankers K-3 
Canning Fruit 1-2 


Carambola 736 
Carbohydrate Synthesis S-2 
Carob 737 
Cashew 738 
Ceylon Gooseberry 739 
Chemical Composition A-2 
Chemical Soil Analysis C-3 
Chemical, in General A-3 
Chemotherapy M-1 
Cherimoya 741 
Cherry 03 
Chestnut 31 
Chicle 22 

Chilling Requirements F-2 
Chimeras^ T-8 
Chinquapin 31 
Chlorophyll , Synthesis S-3 
Cinchona 231 
Cinnamon 271 
Citrus 72 

Classification of Soils C-4 
Climate F-B-9-10 
Coconut 742 
Codling Moth L-4 
Coffee 743 
Colchicine T-7 
Cold Injury F-4-5 
Cold Storage 1-5 
Color Measurements U-7 
Color of Fruit G-2 
Color of Leaves B-2 
Composition, Chemical A-2 
Composting of Soils C-5 
Conduction R-3 
Construction Operations V-1 
Contact Poisons M-2 
Containers, Fruit H-1 
Contour Planting P-3 
Control of Erosion D-4 
Control of Insects M 
Control of Weeds V-2 
Controlled Atmosphere 1-6 
Correlations, Growth Q-2 
Costs of Production V-3 
Cover Crops D-2 
Crabapple 52 
Cracking of Fruit G-3 
Cranberry 642 
Culinary Products I-IO 
Cultural Machinery D-3 
Cultural Methods D-2 
Curculio L-5 
Currant 621 
Cuttings P-4 
Dates 744 

Dates of Blossoming F-1 
Deer N-1 

Deficiencies of Minerals B-2 
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Deficiencies of Water C-6 
Dehydration of Fruits 1-3 
Derris 251 

Design of Plots U-2 
Detergents M-3 
Development of Roots P-12 
Dewberry 612 

Diagnosis of Deficiencies B-2 
Diiferentiation of Buds T-9 
Diffusion Phenomena R-3 
Diseases K 

Diseases, Unusual K-10 
Disposal of Brush E-1 
Distances for Planting P-8 
Districts of Fruit J-2 
Diurnal Fluctuations S-7 
Division of Plants P-5 
Dormancy F-2 
Drainage of Soil C-7 
Dropping of Fruit G-4 
Drought C-6 
Drugs 23 
Drupes 01 to 05 
Dusts M-4 

Dusting Equipment M-5 
Dusting Injury M~6 
Dwarf Trees P-6 
Economics V-3 
Elevation F-3 
Embryo Culture 0-2 
Emulsifiers M-3 
Equipment, Dusting M-5 
Equipment, Spraying M-10 
Erosion Control D-4 
Essential Elements B-5 
Evaluation of Varieties J-4 
Exhibits of Fruit J-1 
Excess Soil Moisture C-7 
Experimental Techniques U-3 
Exudation R-1 
Feed Value of Fruit A-2 
Fertilizer Practices D-5 
Fertilizer Sources D-6 
Fertilizer Trials D-7 
Fertilization of Flowers G-5 
Field Crops 10 
Figs 745 
Filbert 32 
Fire Blight K-1 
Flower Initiation T-9 
Flowers 41 
Flowers, Annual 411 
Flowers, Perennial 412 
Foliar Analysis B-2 
Foliar Fertilization D-8 
Food Value of Fruit A-2 
Fores^ 33 
Freezing Injury F-5 
Frost Injury F-4 
Frost Protection F-4 
Frozen Fruits 1-7 
Fruit Adaptations V-2 


Fruit Breakdown 1-6 

Fruit Bud Differentiation T-9 

Fruit By-Products I-l 

Fruit Canning 1-2 

Fruit Characters J-3 

Fruit Color G-2 

Fruit Cracking G-3 

Fruit Dehydration 1-3 

Fruit Districts J-6 

Fruit Drying 1-3 

Fruit Exhibits J-5 

Fruit Grading H-2 

Fruit History J-7 

Fruit Identification J-3 

Fruit Inspection H-3 

Fruit Judging J-5 

Fruit Juices 1-4 

Fruit Maturity G-10 

Fruit Packing H-1 

Fruit Picking H-4 

Fruit Pressure Tests G-7 

Fruit Quality G-12 

Fruit Ripening G-10 

Fruit Set G-8 

Fruit Size G~9 

Fruit Storage 1-5 

Fruit Strains J-4 

Fruit Varieties J-4 

Fruit Waxing 1-6 

Fruit Weights and Measures H-3 

Fruit Worms L-6 

Fruit Yield G-8 

Fruiting Habit T-12 

Fumigation M-7 

Fungicides M~8 

Galls 

Genetics T-7 
Germination Media 0-2 
Germination of Seed 0-2 
Girdling Effects S-9 
Gooseberry 622 
Grades of Fruit H-2 
Grading Fruit H~2 
Grafting P-1 
Grafting Wax P-1 
Grapefruit 721 
Grapes 63 
Grasshoppers L-7 
Green Manures D-2 
Growth Correlations Q-2 
Growth Regulators Q-1 
Guava 746 
Hail F-6 
Hardiness F-7 
Harvest Sprays 
Harvesting Fruit H-4 
Hazelnut 32 
Heath Fruits 64 
Heating Plantings F-4 
Height of Plantings F~3 
Herbicides V-2 
Herbs 24 
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Hickory Nuts 34 
History of Fruits J-7 
Hormones Q-1 
Hybrids T-7 
Hydroponics U-4 
Identification of Fruits J-3^ 
Identification of Weeds V-7 
Injury from Cold F'-4-5 
Injury from Dusting M-6 
Injury from Spraying M-6 
Insects L 

Insects, Unusual L-15 
Insect Repellents _M-9 
Inspection of Fruits H-3 
Inspection of Nurseries P~7 
Intensity of Light Q-3 
Intermediate Stocks P-6 
Irrigation of Soils C-6 
Irritants for Insects M-9 
Jak-fruit 747 
Japanese Persimmon 749 
Judging Fruits J-5 
Juices, Fruit 1-4 
Jujube 748 
Kaki 749 

Keeping of Fruit I-S 
Kumquat 722 
Landscaping 40-43 
Layering P-9 
Leaf Analysis B-2 
Leaf Color B-2 
Leaf Curls K-5 
Leaf Fertilization D-8 
Leaf Hoppers L-8 
Leaf Rollers L-9 
Leaf Spots K-6 
Legumes, Annual 111 
Legumes, Perennial 112 
Lemon 723 
Light Intensity Q-3 
Light Quality Q-4 
Lime 724 

Lists of Publications V-6 
Litchi 751 
Loganberry 613 
Lonchocarpus 252 
Longevity of Seed 0-5 
Mace 272 

Machinery for Culture D-3 
Mag^ts 1^10 
Management of Soils D-2 
Mango 752 
Mat^osteen 753 
Manures, Animal D-1 
Manures, Green D-2 
Marketing V-4 
Maturity of Fruit G-10 
Measurements of Color U-7 
Measurements, Physical U-S 
Metaxenia T-IO 
Meteorology F-3-4-d-8-9-10 
Methods and Techniques U-3 
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Methods of Chemical Analysis A-1 
Methods of Culture D~2 
Methods of Dusting M-5 
Methods of Spraying M-10 
Methods of Teaching V-5 
Mice N-2 
Micronutrients B-3 
Microtechnique T-11 
Mineral Absorption B-1 
Mineral Balance B-5 
Mineral Content, Soils C-3 
Mineral Deficiencies B-2 
Mineral Toxicities B-4 
Minor Elements B-3 
Miscellaneous -Botany T-17 
Miscellaneous Crops 9 
Miscellaneous Reports V-6 
Mites L-11 

Modified Storage Atmosphere 1-6 
Moisture in Soils C-6-7 
Morphology of Buds T-12, G-6 
Morphology of Flowers T-13 
Morphology of Fruit T-14 
Morphology of Leaves T-15 
Morphology of Stems T-16 
Mulching D-9 
Mutations T-8 
Natal Plum 754 
Native Persimmon 65 
Nectarines 04 
Nematodes L-12 
New Dust Materials M-4 
New Fruit Varieties J-4 
New Spray Materials M-11 
Nomenclature U-6 
Non-Legumes 12 , 

Non-Legumes, Annuals 121 
Non-Legumes, Perennials 122 
Non- Parasitic Disorders S-10 
Nucellar Seedlings 0-3 
Nursery Inspection P-7 
Nursery Practices P-10 
Nutmeg 272 
Nutriculture U-4 
Nutrient Balance B-5 
Nutrient Solutions U-4 
Nutrient Sprays D-8 
Nutritional Treatment D~5 
Nuts and Forestry 3 
Oils for Spraying M-11 
Olives 755 
Orange 725 
Orchard Heating F-4 
Organic Matter C-8 
Organisms in Soil C-9 
Organizations V-6 
Ornamentals 4 
Ornamentals, Shrubs 42 
Ornamentals, Trees 43 
Packages for Fruit H-1 
Packing Fruit H-1 
Papaya 756 



WHITE AND MECARTNEY : HORTICULTURAL REFERENCES 223 


Parthenocarpy G-12 

Parthenogenisis 0-3 

Passion Fruit 757 

Peach 04 

Pear 53 

Pecan 35 

Pepper 273 

Perfume Plants 28 

Persimmon, Japanese 749 

Persimmon, Native 65 

Pests, Unusual N-3 

pH of Soils C-10 

Photoperiodism Q-5 

Photosynthesis Q-6 

Physical Analysis, Soil C-11 

Physical Measurements U-5 

Physiological Disorders S-10 

Physiological Preconditioning Q-7 

Picking Fruit H-4 

Pigment Synthesis S-4 

Pineapple 758 

Pistachio 36 

Plant Quarantine M-16 

Planting Distances P-8 

Planting on Contour P-3 

Planting Plants P-11 

Planting Seeds 0-4 

Plot Designs U-2 

Plum 05 

Poisonous Plants V-7 
Poisons, Contact M-2 
Poisons, Stomach M-12 
Pollination G-5 
Polyembryony 0-3 
Pomegranate 759 
Pomes 5 

Precipitation F-8 
Pre-Harvest Sprays G-4 
Preparation of Sprays M-11 
Pressure Tests, Fruit G-7 
Pre-Storage Treatments 1-6 
Processing I-l to 4 
Production Costs V-3 
Production Figures V-3 
Propagation P-1-2-4-5 
Protein Synthesis S-5 
Prunes 05 

Pruning Practices E-2 
Pulling Trees E-3 
Quality of Fruit G-12 
Quality of Light Q-4 
Quarantine of Plants M-16 
Quick Freezing Fruits 1-7 
Quince 54 
Rabbits N-4 
Radioisotopes B-6 
Rainfall F-8 
Raisins 63 
Rambutan 761 
Rasnberry 614 
Recipes I-IO 
Red Bugs 1^13 


Regulatory Acts, Fruit H-3 

Removal of Trees E-3 

Repair Grafting P-1 

Repellents, Insect M-9 

Reproduction, Flowering T-9 

Residues, Spray or Dust M-13 

Respiration R-2 

Rest Period F-2 

Ringing S-9 

Ripening of Fruit G-10 

Rodents N-1 to 4 

Rodents, Unusual N-3 

Root Behavior P-12 

Root Development P-12 

Root Promoting Substances Q-1 

Rootstocks P-6 

Roseapple 762 

Rotenone Plants 25 

Rots K-7 

Rubber 26 

Rusts K-8 

Sapodilla 763 

Sapote 764 

Scab K-8 

Scald, Apple 1-6 

Scales, Insect U-14 

Scion-Stock Relations P-6 

Seed Beds 0-2 

Seed Germination 0-2 

Seed Storage 0-5 

Seed Treatments 0-6 

Seedlessness C^12 

Selection, Varieties J-4 

Separation, Plant P-5 

Set of Fruit G-8 

Shrubs 42 

Sites F-4 

Size of Fruit G-9 

Small Fruits 60 

Snow F-8 

Soil Aeration C-1 

Soil Atmosphere C~1 

Soil Classification C-4 

Soil Management D-2 

Soil Moisture C-6-7 

Soil Organic Matter C~8 

Soil Organisms C-9 

Soil Physics C-11 

Soil Reaction C-10 

Soil Testing C-3 

Soil Texture C-ll 

Soil Treatments C-1 2 

Soil Water C-6-7 

Solution Cultures U-4 

Sources of Fertilizer D-6 

Soursop 765 

Spacing Plants P-8 

Spices 27 

Spray Calendar M-14 
Spray Deposits M~13 
Spray Equipnient M-10 
Spray for Thinning G^ll 
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Spray Injury M-6 
Spray Materials M-11 
Spray, Nutrient D-8 
Spray Preparation M-11 
Spray Program M-14 
Spray Residues M-13 
Spreaders and Stickers M-15 
Statistical Methods U-2 
Statistics V-3 
Stocks P“6 

Stomach Poisons M-12 
Stomatal Behavior R-5 
Stomates R-S 
Stop-Drop Sprays G-4 
Storage Atmosphere 1-6 
Storage Construction 1-8 
Storage Disorders, Fruit 1-6 
Storage Management 1-5 
Storage of Fruit 1-5 
Storage of Seed 0-5 
Storage Temperatures 1-5 
Strains of Fruit J-4 
Stratification 0-1 
Strawberry 66 
Strip Farming D-4 
Subtropical Fruits 7 
Sunscald F-11 
Sweetsop 766 

Synthesis of Carbohydrates S-2 

Synthesis of Chlorophyll S-3 

Synthesis of Pigments S-4 

Synthesis of Proteins S-5 

Synthesis of Other Compounds S-6 

Systematic Pomology T-18 

Tamarind 767 

Tangelo 726 

Tangerine 727 

Teaching Methods V-5 

Techniques U-3 

Temperatures F-9 

Terminology U-6 

Thinning G--11 

Thinning Sprays G-11 

Tillage Tools D-3 

Toxicities of Minerals B-4 

Trace Elements B-3 

Tracer Elements B-6 

Training, Pruning E-2 


Translocation R-3 
Transpiration R-4 
Transplanting Plants P-11 
Transportation of Fruit 1-9 
Treatment of Seed 0-6 
Treatment of Soil C-12 
Treatment of Wounds E-4 
Tree Bracing E-4 
Tree Removal E-3 
Tree, Shade 43 
Tropical Fruits 7 
Tung 768 

Toxicities, General B-4 
Unusual Crops 9 
Unusual Diseases K-10 
Unusual Insects L-15 
Unusual Pests N-3 
Unusual Rodents N-3 
Unusual Spray Materials M-15 
Vanilla 274 
Varieties of Fruit J-4 
Vegetables 8 

Vegetables, Bulb Tyne 81 
Vegetables, Flower Type 82 
Vegetables, Fruit Type 83 
Vegetables, Leafy Type 84 
Vegetables, Root Type 85 
Vegetables, Seed Type 86 
Vegetables, Stem Type 87 
Vegetables, Tuber Type 88 
Vegetables, Unusual 89 
Vernalization Q-7 
Viability of Seed 0-2 
Viruses K-10 
Walnut 37 

Water Absorption B-1 
Water Deficiencies C-6 
Waxing Fruit 1-6 
Weather F-8-9-10 
Weed Control V-2 
Weed Identification V-7 
Weights and Measures H-3 
Wind F-10 
Winter Injury F~5 
Worms, Fruit L-6 
Wound Treatment E-4 
Xenia T-10 
Yield of Fruit G-8 



Isolation of Lycopersicon Esculentum Type Tomato Lines 
Essentially Homozygous Resistant to Root ELnot^ 

By W. A. Frazier and Robert K. Dennett, Unwersity of Hazmii 
Agricultural Experiment Station, Honolulu, Hawaii 

T he initial work at the Hawaii Station on breeding tomatoes for 
nematode (Heterodera marioni) resistance has been discussed by 
McFarlane, Hartzler, and Frazier (9). Derivatives of the T~1427 
cross described in that report were carried for several generations, 
under rigorous testing against root knot susceptibility, until lines were 
isolated which had a very high degree of resistance. However, all selec- 
tions were highly incompatible with Lycopersicon esculentum. Further 
crosses of T--1427 derivatives to 4N L. esculentum were readily se- 
cured but while they were under test two promising lines heterozygous 
for nematode resistance were secured from Dr. Victor M. Watts of 
the Arkansas Agricultural Experiment Station (12). The compati- 
bility with L. esculentum and the type of resistance present in this 
material, originating from the hybrid made by Dr. Paul G. Smith of 
the California Agricultural Experiment Station (lo), proved of such 
promise that work with the T-1427 derivatives was suspended. In this 
paper a brief summary of data showing the degree of resistance finally 
secured in the T-1427 derivatives and behavior of the Smith-Watts 
material selected and further hybridized to commercial types in Hawaii 
will be presented. In the latter case, presentation of data will be con- 
fined largely to the relatively few selections which, as will be shown, 
have a degree of resistance apparently not yet shown previously for 
compatible L. esculentum type tomatoes. 


Materials 

1. T--1427 Derivatives: — ^Four selections — 2848, 2947, 2948, and 
2949 — from the T-1427 (9) cross, [(Lycopersicon hirsutum 
X Bonny Best) X (Bounty X BC-10)] X L. peruvianum (PI 
128645) were included in advanced-generation studies for re- 
sistance. 

2. 4N Lycopersicon esculentum X 2N T-1427 Derivatives : — ^The 
Fi behavior of this cross is discussed under “results”. 


^Published by permission of the Director of the Hawaii Agricultural Experi- 
ment Station as Technical Paper No. 188. 

The significant basic work 5n transfer of the gene or genes responsible for 
root knot resistance to Lycopersicon esculentum compatible types was done by 
Paul G. Smith of the California Agricultural Experiment Station and Victor M. 
Watts of the Arkansas Agricultuial Experiment Station. The selections carry- 
ing combined resistance to spotted wilt, fusarium wilt, and gray leaf spot us^ 
for hybridization with the nematode resistant material were ^veloped under the 
genera! tomato improvement project at the Hawaii Agricultural Experiment 
Station, K. Kikuta, J. W. Hendrix, J- S. McFarlane, S. Tachibana and M. Mat- 
suura have all contributed materially to the program. 

®For purposes of brevity the letters HES, referring to Hawaii Agricultural 
Experiment Station selections, will be deleted hereafter. 
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3. HES 3386 and Progeny:— In 1944, Smith (10) reported the 
successful embryo culture of a cross between Michigan State 
Forcing (Lycopersicon esculent urn) X L. peruviannm (P.I. 128, 
687). Watts (12) secured cuttings of this Fi hybrid and made 
backer osses to L. esculent urn. Of three backcross plants ob- 
tained two w^ere highly resistant to root knot, and one of these, 
Cr 2-45-2, was self-fertile. Seed from this plant, CR-3A, and of 
a derivative designated Cr 46-8-2S, were sent to the Hawaii 
Station by Watts. Fourteen selections were made from Cr 46-8- 
2S, and six from Cr- 3 A. Only one plant, given a Hawaii selec- 
tion number HES 3386^, gave progeny all of which appeared to 
be highly resistant. It came from line CR-3A, and fortunately 
an immediate cross to a three-way resistant ( 6 ) type was se- 
cured even though the excellent resistance of the 3386 mother 
plant was not known at the time. Resistance of Fa and F 4 selec- 
tions from this cross, 3962, 3963, 3999, and 4000 is shown in 
this paper. 


Methods 

Seedling tests were carried out either in gallon cans, No. 2j4 cans, 
or flats (3-inch depth) filled with sterilized soil (two-thirds soil and 
one-third coral or black volcanic sand). Tile beds described by Mc- 
Farlane, et al (9) were also used, in which case soil was treated with 
chloropicrin (100 to 300 pounds per acre rate) several days before 
application of root knot galls. Thoroughly chopped galls from tomatoes 
or other susceptible plants were placed in the soil, covered with 
to 1 inch of soil, and seeds planted immediately over the rows of 
inoculum, or, as in some recent cases, seeds were planted 3 or 4 days 
after the placement of inoculum. Prior to placement in soil, inoculum 
was dipped in a cuprous oxide suspension ( 1 J 4 to 2 teaspoonfuls per 
gallon) ; seeds were treated with cuprous oxide ; also young seedlings 
and soil were thoroughly drenched with the suspension of cuprous 
oxide, at frequent intervals after emergence, to control damping off. 
In spite of these helpful precautions, used previously by Bailey ( 1 ) , 
death of some plants occurred as a result of damping off organisms. 

Decay of root systems, resulting in many cases in only a stub re- 
maining, has been common. Accurate root knot readings often can not 
be obtained with such plants, so that further studies of means of ster- 
ilizing root knot galls against the organism or organisms involved, 
without killing eggs or larvae of Heterodera marioni, are needed. 
Further work on time of sowing seed in relation to time of application 
of inoculum and effects of various media in which seedlings are grown 
should be helpful, also. 

After root knot data on seedlings were obtained, the plants were 
transplanted to a field heavily infested with nematodes. Field tests 
vrith non-inoculated susceptible plants were repeatedly observed to 
give less reliable results, however, than artificial infestations obtained 
from sterilized soil. 

Weight of ground-up root knot galls applied was generally from 20 
to SO grams per linear foot of row or per or 1 gallon can. This is 
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a heavy application, and has contributed, along with the root rotting 
organisms, to stunting and chlorosis of seedlings through nutrient 
starvation. Applications of a nutrient solution were therefore neces- 
sary to at least partially offset this condition. 

Seedlings^ have been grouped into four classes, depending upon de- 
gree of galling as follows: 0 , completely free of galls of any kind; 1 , 
slight galling (in recent tests the number 1 class has been divided into 
plants showing one, two, three, or four or more galls) ; in previous 
tests the number 1 class also included plants with only one, two, or 
three galls, but data were not taken to show these minor variations ; 2 , 
medium galling ; and 3, severe galling. A fifth, question mark, cate- 
gory has recently been added for plants which show indications of 
slight root swelling that may or may not be caused by nematodes. Such 
plants had previously been placed in class 0 . 

Soil temperatures, recorded at various times at depths of 2 to 3 
inches in the various containers and soils used, ranged from a mini- 
mum of 63 to 75 degrees F at 7 :30 a m, to a maximum of 77 to 95 
degrees F at 3 :30 p m. 

Results 

T-1427 Derimfives: — The high level of resistance obtained in F 4 , 
F 5 and Ffi selections from T-1427, compared to common Lycopersicon 
esculentim, is showm in Table 1. Although these lines closely resem- 


* TABLE I — Test N-10: Nematode Resistance of Seedlings of T-1427 

Derivatives* 


Line 

Mother 

No. Plants in Root Knot Classes 

Resist- 

Sus- 

Plant 

0 

None 

1 

Slight 

2 

Moderate 

3 

Severe 

ant"** 

ceptiblet ^ ^ 

Susceptible checkt 


0 

0 

4 

41 

0 

45 45 

HES 2848 

T-1427 Fs 

30 

1 

0 

0 

30 

1 31 

HES 2947 

T-1427 Fs 

40 

0 

0 

0 

40 

0 40 

HES 2948 

T-1427 F6 

40 

0 

0 

0 

40 

0 40 

HES 2949 

T-1427 P, 

SO 

0 

0 

0 

SO 

0 80 


♦Seeds planted August 18, 1947. Root knot readings made September 3, 1947. Root knot galls 
from Swiss Chard and onions used for inoculum. 

♦♦Class 0 only. 

tClasses 1, 2, 3. 

fin this test, as in many others. Pearl Harbor has been used as a check, or susceptible type. No 
appreciable difference in root knot susceptibility has been noted between commercial tSTpes of 
Lycopersicum esculentum in these studies. 

ble L. peruvianum in many respects, several characters, such as slight- 
ly larger fruit size, very faint purple fruit striping, tendency in some 
cases for extremely severe cracking, and intermediate leaf size distin- 
guish them from the wild parent. While certain L. esculentum genes 
have obviously been added, a most important character has been ab- 
sent — they have been as incompatible with L. esculentum as was 
the original L, peruvianum! 

4N Lycapersicon esculentum X 2N T--1427 selections: — Since none 
of the highly resistant T-1427 derivatives were compatible with L. es^ 
culentum, it was decided to double the chromosome number of L. escu-^ 
lentum, which facilitates hybridization of the two species. One hundred 
seeds of HES 3174, a fruitful Hawaii selection resistant to fusarium 
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wilt, spotted wilt and gray leaf spot, were placed on a filter pad in a 
petri dish with S cc of 0.8 per cent colchicine. Small additions of water 
were made from time to time to keep the volume at approximately S 
cc. After 10 days sprouted seeds were removed and planted in soil. A 
few plants which emerged early had been severely injured by the 
colchicine. Thirty seedlings were obtained, all but three of which, be- 
cause of large, dark green, thick leaves, appeared to be 4N plants. 
Twelve of the most vigorous were transplanted to a tile bed, where 
they were grown to maturity. All were relatively non-fruitful, as was 
to be expected. Massed pollen, obtained by use of a small electric 
buzzer, was taken from 100 plants of T--1427 derivatives 2848, 2947, 
2948, and 2949 (25 plants each) and applied to stigmas of the (ap- 
parent) 4N plants of 3174. Good fruit set was secured, but relatively 
few^ seeds were obtained. The larger ones were planted without dry- 
ing, immediately after removal from ripe fruits, in volcanic black sand 
(cinders), and irrigated heavily with a cuprous oxide suspension. Of 
19 plants obtained, 6 died with extreme chlorosis, while the remaining 
13 w^ere transplanted to a flat and then to gallon cans (one plant per 
can) along with 20 grams of tomato root knot galls. Plants were 
transferred to tile beds March 8 , at which time 20 grams of inoculum 
was again added to the soil surrounding the roots of each plant. They 
were left in the beds for 4 months — until July, 1948 — and although 
their vigor was excellent and flowering very profuse, no fruits were 
set. Since promising material had been obtained from Watts, it was 
decided simply to dig the plants to determine their resistance to nema- 
todes. Twelve Pearl Harbor plants, planted adjacent to the (apparent) 
triploids had become so badly galled that they had begun to die and 
were removed on May 15. All of the 4N X 2N plants were completely 
free of galls. While no breeding material was obtained, the test was of 
\'alue in again demonstrating the high dominance of resistance to root 
knot contributed by the L. peruvianum gene or genes. 

HES 3386 and 3386 X susceptible behavior : — ^Data in Table II, 
secured in three separate tests, show the high resistance of 3386 com- 
pared to susceptible lines. It is immediately seen, also, that the re- 
sistance has been highly dominant in the Fi hybrid. It has been recog- 
nized that class 1 is the weak point in securing data on resistance. One 
is confronted with plants which may have only a hint of a root swell- 
ing, to plants with one or two small galls, to three, four, and so on, 
galls of varying size. As indicated in footnote^ for Table II, many 
plants placed in class 1 have unquestionably been highly resistant at 
maturity. Occasionally, check plants will escape without any galling, 
as shown in tests N-14A and N~14B. In later tests, when plants have 
been given^ slightly longer growth periods before examination, and 
when heavier quantities of inoculum have generally been used, es- 
capes have been less frequent. These early tests of 3386 were particu- 
larly encouraging because of the absence of any plants showing galling 
in classes 2 and 3, and the knowledge that 33^ was highly compatible 
with commercial type tomatoes. 

From the cross, 3386 X susceptible, several F 3 selections were made. 
Data for the F 2 and for F 3 selections of obvious heterozygosity will 



FRAZIER AND DENNETT : BREEDING TOMATOES 


229 


TABLE II — Tests N-14A, N-14B, N-15: Nematode Resistance of 
Seedlings of Selection HES 3386 and Its Fi Hybrid With Suscepii- 

BLES 


Line , 

i 

No. Plants in. Root Knot 

Classes 1 

i 

Resistantf 

Susceptible? 

Total 

Test N-14A* 

0 

1 

2 

3 





HES 3386 1 

40 

0 

0 

0 

40 

0 

40 

Susceptible check 

2 

13 

7 

17 

o 

37 

39 

3386 X susceptible Fx . . . 

36 

1 

0 

0 

36 

1 

37 

Test N-14B** i 







, 

-- 



HES 3386 j 

54 

0 

0 ! 

0 

54 

0 

54 

Susceptible check . . . . ! 

2 

17 

30 1 

58 

2 

107 

109 

3386 X susceptible Fx 

87 

0 

0 ] 

0 

87 

0 1 

87 

Test N-15*^* 





— 





„ i 



HES 3386 

122 

n§ 

0 i 

0 

122 i 

n§ 

133 

Susceptible check 

0 

1 

21 1 

170 

0 ! 

192 

192 

3386 X susceptible Pi 

42 

10 

0 

0 

42 

10 i 

52 


♦Seeds planted January 9, 1948; root knot readings made February 4; root knot galls from 
tomatoes used for inoculum. 

♦♦Seeds planted January 21, 1948; root knot readings made February 22; root knot galls from 
pineapples used for inoculum. 

♦♦♦Seeds planted March 17. 1948; root knot readings made Apnl 15; root knot galls from toma- 
toes used for inoculum. 

fClass 0 only. 

tClasses 1. 2, 8. 

§Six of these seedlings, in class 1, were planted adjacent to heavily knotted susceptible seed- 
lings and allowed to grow to matunty. Severe galling progressed on roots of susceptible plants, 
while no galls formed on roots of the six class 1 plants, even though root systems became en- 
tangled in the soil as plants grew. Thus many, if not all, of the class 1 plants of 3386 were highly 
resistant as mature plants. Six seedlings of 3386, in class 0, were planted m similar manner, and all 
remained free of galls. 


not be presented here for, although within the lines under test no more 
than two major genes are apparently involved, there are modifiers or 
other factors, perhaps of additive action, in play which will require 
detailed study. Some excellent 3 : 1 fits have been obtained, yet such 
could be obtained in a two gene system, with one gene pair homozy- 
gous. Improvements in testing techniques may also help to clarify the 
inheritance picture, so that it is felt no useful purpose will be served 
by presenting detailed Fo or F 3 data at this time. 

Recovery of a high level of resistance in F 3 selections of 3386 X 
susceptible was not difficult. In fact, from only 12 plants selected for 
resistance in one F 2 test, four were highly resistant. Data on resistance 
of these four selections are presented in Tables III, IV, and V. In test 
N-18, all plants of the four selections were highly resistant in the 
seedling (Table III) and mature plant (Table IV) stages, whereas 


TABLE III— Test N-18: Nematode Resistance of Seedlings of Certain 
P* Progeny of 3386 X Susceptible* 


Line 

No. Plants in Root Knot Classes 

Resistant^* 

Susceptiblef 

Total 

0 

1 

2 

3 



Susceptible check ........ 

I 

4 

12 

74 

1 

90 

91 

3962 Fj 

55 

0 

0 

0 

65 

0 

55 

3963 F» 

70 

0 

0 

0 

70 

0 

70 

3999 Pj 

45 

0 

0 

0 

45 

Q 

45 

4000 Pi 

45 

0 

0 

0 

45 

0 

45 


♦Seeds planted December 3, 1948; root knot readings made December 24; root knot galls from 
tomatoes ior inoculum. 

♦♦Class (®only. 
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susceptible check plants were, for the most part, heavily galled. It is 
of interest, however, that in test N-20, slight galling occurred in plants 
of 3962, 3963 and 3999. One plant of 3999 was placed in class 2. Com- 
plete agreement between the two tests was not, therefore, obtained 
except for resistance within the 4000 selection. 


TABLE IV— Test N-18: Nem.a.tode Resistance of Field Grown Mature 
Plants of Certain Ps Progeny of 3386 X Susceptible* 



No. Plants in Root Knot Classes 

Resistantt 

Susceptiblet 

Total 


0 

1 

2 

3 




Susceptible check** 

1 

1 

1 

47 

1 

49 

60 

3962 Pj 

12 

1 

1 

0 

12 

2 

14 

3963 Pj 

6 

0 

0 

0 

6 

0 

6 

3999 Pj 

7 

0 

0 

0 

7 

0 

7 

4000 Pi 

16 

0 

0 

0 

16 

0 

16 


*See Table III for data on seedling reading, plants left in field until May 18; field was known to 
be heavily infested with nematodes. , ^ jj-x- ^ • 

**These checks were nematode-free plants transplanted to the field without addition of ino- 
culum. 

tClass 0 plants only. 

t Class 1, 2, 3 plants. 

Since these resistant lines were in general superior in horticultural 
characters to 3386, individual selections were made and tested. A few 
of the plants showing light galling in test N~20 were included as shown 
in Table VI (test N~24). The column headed in these tables in- 
cludes those plants which had root systems with the slightest indication 
of a root swelling. In previous tests these had been placed in class 0. 
Table VI reveals, again, a generally high level of resistance in lines 
3962, 3963, 3^9, and 4000, as compared to the check which in this 
test was extremely heavily galled. Yet, for the first time, plants of 
4000 were observed to be lightly galled, and a few class 2 and 3 plants 
appeared in selections from 3962 and 3963. There was a tendency for 
less galling in line 4000 than for the other lines. 

Selection 3962 (4267), as seen in Table VI, was placed in class 2 at 
time of selection. Resistance of the progeny was not on a level with 
most 3962 selections. Since seeds from these plants have been open 


TABLE V— Test N-20: Nematode Resistance of Seedlings of Certain 
F s Progeny of 3386 X Susceptible* 



*Seeds planted February 14, 1949; root knot readings made March 21; root knot gaUs from 
tomatoes used for inoculum. 

**Class 0, and class 1 plants having 3 galls or less. 

tClasses 2, 3, and class 1 having four or more galls; question marks disregarded. 
iQuestionable indication of root swdling. 
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Fig. 1. Typical seedlings from nematode resistance test N~23. In the center, 
note galling of the susceptible check, typical of commercial varieties. Seed- 
lings of 4000 (4245) on left, and 3962 (4270) on right, showed high re- 
sistance to gall formation. Both are highly compatible with Lycopersicon 
escuUntum. 


TABLE VI — ^Test N-24; Nematode Resistance of Seedlings of F 4 
Progeny of 3386 X Susceptible* 



Resist- 

ant** 

Suscep- 

tible*** 

51 

3 

59 

0 

12 

5 

49 

3 

37 

S 

45 

0 

13 

D 

17 

0 

47 

7 

31 

D 

35 

0 

46 

1 

47 

0 

36 

0 

25 

% 

47 

1 

49 

1 

0 

m 


♦See Tatides IV and V few F* data; seeds Ranted June 1, 1949; root knot readings made Jtme 28 
root Imot gaBs troim tomatoes used as inoemum* 

♦♦Class 0, and class 1 plants having 3 galls or less. ^ , 

♦♦♦Qasses 2, 3, and cL^ 1 plants having 4 cw more galls; question marks oisregamed. 
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pollinated it is to be expected that some cross fertilization may have 
occurred. Such natural crossing is generally (not always) relatively 
low for the tomato, however, and can not explain the type of variation 
noted in Table VI. In known heterozygous populations, of resistant by 
susceptible crosses, the number of susceptible plants in classes 2 and 3 
is typically far greater than for any selection shown in the table. 

Further confirmation of the resistance of the most promising selec- 
tions from 3962 and 4000 was secured in test N~23 (Table VII). In 
this test, light galling in class 1 was less prevalent in resistant lines 
than in test N~24. Also, there were relatively fewer severely galled 
plants in class 3 for the susceptible check. Yet, it will be noted that no 
escapes occurred among 117 check plants, while not one of 290 plants 
in resistant lines were classed as susceptible. High dominant resistance 
was again, shown by the 25 Fi plants tested. 

Stem Swellings (Stem Knot) oj Resistant and Susceptible Lines : — 
Appearance of swellings on stems of seedlings has been commonly 
observed, where seeds were planted over chopped-up root knot galls. 
Stem infection in this case presumably occurs before emergence of the 
stem above the soil. Casual observation of resistant as compared to 
susceptible lines indicated that there w^ere more swellings on stems of 
susceptible plants than on resistant ones. Data were secured, there- 
fore, on actual counts of plants showing this type of infestation. These 
data, in Table VIII, show considerably heavier “knobbing” of stems 
of susceptible plants. In test N-24, resistant plants w^ere almost entire- 
ly free of such swellings, while, for some unexplained reason, a uni- 
j^ormly low amount of swelling in resistant lines occurred in test N-23. 
Since these data were secured from tests in which seeds were planted 

to 1 inch above inoculum, it is possible that, by proper manipulation 
of placement of inoculum relative to seed, much heavier stem infesta- 
tion could be secured and perhaps more significant variations would 
be found. If the association were to be found consistent and reliable, 
then the opportunity arises of using such readily observed differences 


TABLE VII — ^Test N-23: Nematode Resistance of Seedling Tomatoes* 


No. Plants in Root Knot Classes 


Line 


1 




0 

Number of Galls 

2 

3 



1 

2 

3 

4 Or 
More 



Susceptible check. . . 

0 

0 

0 

0 

11 

21 

85 

3062(4114) F* 

66 

3 

0 

0 

0 

0 

1 0 

3962(4116) F4 

24 

1 

0 

0 

0 

0 

' 0 

3962(4270) 

87 

7 

1 

0 

0 

0 

1 0 

4000(4245) F* 

35 

0 

0 

1 

0 

0 

0 

4000(4247) F, 

31 

0 

0 

1 

0 

0 

0 

4000(4291) P4 

4000 Xsusceptible Pi 

32 

2 

0 

0 

0 

0 

0 

$ 

0 

0 

0 

0 

0 

t 0 

3962 Xsusceptible Pi 

17 

0 

0 

0 

0 

0 

0 


n 


Total 


Resist- 

ant** 


Suscep- 

tiblef 


0 

69 

25 

96 

36 

32 

32 

8 

17 


117 

0 

0 

0 

0 

0 

0 

0 

0 


June 6, 1949; root knot readings made July 6, 1949; root knot galls from toma- 
toes used for moculum. 

9, class 1 plants having, 3 galls or less. 
tClas^ 2, 3, and cla^ 1 plants having 4 or more galls; question marks disregarded. 
tOuestionable indication of root swelling. 
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TABLE VIII- -Tests N-23 and N-24: Per Cent of Seedling Plants 
Showing Stem Swellings 


Line 

Resistance or 
Susceptibility 

Test N-23* 

Test N-24t 

No. Plants 
Tested 

Per Cent of 
Plants With 
Stem Swellings 

No. Plants 
Tested 

Per Cent of 
Plants 

VTith Swellings 

Susceptible check. 

Susceptible 

202 

19.3 

257 

25.0 

3962 (4114) . . . 

Resistant 

252 

2.8 

53 

0.0 

3962 (4115). 

Resistant 

202 

2,0 

80 

0.0 

3962 (4270) 

Resistant 

239 

2.1 

50 

0.0 

4000 (4245) . 

Resistant ' 

205 

4.4 

52 

0.0 

4000 (4247) 1 

Resistant 

154 

4.5 ' 

46 

0.0 

4000 (4291) . . ! 

Resistant 

187 

2.7 

32 

3.0 


♦Reading on plants showing stem swelling made 16 days after seeds were planted. 
tReading on plants showing stem swelling made 14 days after seeds were planted. 


as a practical breeding procedure for early elimination of susceptible 
lines without the necessity of careful examination of roots. 

Entrance of Nematodes Into Roots : — On April 13 roots from test N- 
15 seedlings of 3386 (resistant) and susceptible check plants which had 
received the root knot inoculum at time of planting seed were stained 
with acid fuchsin, using the technique described by McBeth, Taylor 
and Smith (8). Microscopic examination, made with the kind advice 
and assistance of Dr. M. B. Linford of the Pineapple Research Insti- 
tute, revealed heavy infestation of roots of both the 3386 (resistant) 
and susceptible plants. However, in the 3386 line under the rather 
limited observations made, no large, well developed females were 
found, w’hereas, in the susceptible checks numerous well developed 
females were seen. Some cell necrosis in roots of resistant plants was 
observed, where nematodes vrere present, even though growth of the 
parasite was apparently limited. These observations showed that 
larvae enter readily into plants with 3386 type resistance, and that 
their development is checked ; sufficient data were not secured, how- 
ever, to determine definitely whether reproduction of Heferodera 
marioni is completely or only partially inhibited. 

Discussion 

Since microscopic examination revealed the entrance of many lar- 
vae into roots of ‘‘resistant'^ plants it obviously follows that the term 
resistance as we have used it is not a resistance to nematode entrance 
but, rather, a resistance to gall formation, similar to that found by 
Barrens for several kinds of plants (2, 3). Apparently, the larvae, 
themselves, are rendered incaj^ble of inducing galls or the plant in 
some other way is able to counteract gall induction. Complete freedom 
of all plants from galling, however, has not been found. Under the 
conditions of these Hawaii tests, most plants of resistant lines have 
been completely free of galls, with a small number of plants showing 
one or more small galls. Variations between tests have been appreci- 
able and may be due to various factors such as : testing methods ; errors 
in classification (with class 1 the pivotal problem) \ root decay or- 
ganisms (reducing root area on which classification is based and re- 
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suiting also in loss of galls when seedlings are removed from the soil) ; 
variability of host plants ; variability of the parasite ; possible soil and 
climatic effects. Of these possible variables, the question of paramount 
importance is that of races or strains of the parasite. That such races 
exist is indicated by the work of Christie and Albin (4), Clayton (S), 
Mackie (7), and Steiner (11). The resistance of lines under study 
here has been demonstrated only against nematodes collected, in sev- 
eral locations on the island of Oahu, from pineapples, tomatoes, car- 
rots, lettuce, onions and Swiss Chard. Whether the resistance is ‘'uni- 
versar' in character, or whether the parasite is capable of rapid — or 
ultimate — adaptation to the lines remains to be seen. Nor has it been 
demonstrated that resistance to root knot formation is a complete 
solution to the problem. Decay of root systems of root knot resistant 
lines has been common. What is the association between these decay 
organisms and entrance of the parasite into the tomato root, or en- 
trance and gall formation? In many tests we have observed decided 
stunting and heavy loss (death) of seedlings of susceptible as com- 
pared to resistant lines caused directly or indirectly by nematodes or 
other organisms introduced with the inoculum. In other tests such 
differences, between resistant and susceptible lines, have not been 
noticeable. 

Complete agreement between seedling resistance and mature plant 
resistance has not been obtained, which is in agreement with the result 
of Watts (12). The correlation is, however, high. Appearance of galls 
on mature plants which, as seedlings, were free of galling, may mean a 
change in resistance with age, possible chance escape from galling in 
the seedling tests, parasite variability or adaptability, or differing en- 
vironmental influences during tests of seedlings and mature plants. 

While the four lines, 3962, 3963, 3999, and 4000 have shown a con- 
sistently high level of resistance to root knot, line 4000 has appeared 
to be slightly more resistant as indicated by fewer galls on the roots. 
This line has been less vigorous than the others, with a less well de- 
veloped root system. Since there were fewer roots on which galls 
might develop, is it possible that the chances for galling on any given 
plant were therefore less and that this escape factor would, therefore, 
be reflected in the data? It would indeed seem logical that the greater 
the root system on plants only very slightly susceptible to galling the 
greater may be the expected accuracy of reading, with fewer plants 
likely to appear in class 0. 

Preliminary data have indicated that stems of susceptible plants are 
more readily knotted than those of resistant ones. This may mean that 
the unknown protective factor or factors responsible for resistance to 
gall formation in the root is systemic in nature and also protects the 
Stan of young plants. 

Recovery of apparent 3386 type resistance from 3386 X susceptible 
progeny has not been difficult. On the other hand, within other lines, 
selected or derived from Cr 46-8-25, from Watts, individual plants 
selected for high resistance have shown continued segregation so that 
the material has finally been abandoned. We have no explanation for 
this behavior. It does indicate that it will be wise to select carefully 
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from segregating progeny of each backcross to be sure that a high 
level of resistance is retained, rather than to depend entirely upon im- 
mediate backcrossing to rapidly attain commercial characters. Since 
we are not sure of the inheritance picture, both plans will be followed. 

Linkage of adverse-type wild genes with 3386 resistance is possible, 
since it has generally been true that the most promising commercial 
type selections have not had the “homozygous” type resistance of 
3386 or 4000. Yet selections 3962, 3963, 3999 and 4000 are essentially 
Lycopersicon esculentum in most characteristics, and some fruits are 
2 inches or more in diameter, so that the chances for securing desir- 
able commercial types appear to be excellent. The high dominance of 
resistance to root knot opens up the possibility of commercial use of 
Fi hybrids carrying such resistance prior to final release of homozy- 
gous commercial varieties. 

Summary 

Continued selection for nematode resistance from progeny of a cross 
made in Hawaii involving Lycopersicon peruvianum as one parent 
resulted in isolation of lines highly resistant to root knot ; they were, 
however, incompatible with L. esculentum. In the Fi hybrid between 
these 2N lines and 4N L. esculentum, high dominance of resistance 
was demonstrated. 

A selection, 3386, derived from the nematode resistant cross made 
by Smith and further tested and hybridized by Watts, was found to 
possess essential homozygous resistance to root knot in Haivaii. After 
further hybridization with Lycopersicon esculentum, four lines, 3962, 
3963, 3999 and 4000, possessing a high level of resistance and im- 
proved horticultural characters, were obtained. Further hybridization 
for commercial characters will likely be required, however. 

The 3386 type resistance is apparently not a resistance to entrance 
of larvae of Heterodera marioni but a resistance to root knot forma- 
tion. Slight galling occurred in a small percentage of plants, with most 
plants free of galls. The lines are highly compatible with Lycopersicon 
esculentum. 

A high correlation between seedling resistance and mature plant 
resistance was found to be characteristic of the lines. 

Preliminary data on stem swelling (knotting or knobbing) of young 
seedlings indicated the possibility of a close association between stem 
and root resistance. Thus, resistance may not be confined to the roots 
alone. 

High dominance of resistance may make possible early use of Fi 
hybrids for commercial planting. 
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Rates of Natural Cross-Pollination of Tomatoes in Various 
Localities in California as Measured by the Fruits 
and Seeds Set on Male-Sterile Plants^ 

By Charles M. Rick, University of California j Davis, Calif, 

R ecent investigations in California have established that the rates 
of natural cross-pollination of tomatoes are influenced by at least 
three^ major factors. One of these — the distance between the flower 
that is the source of pollen and the one that receives the pollen — has 
been analyzed in tests of several arrangements of fertile and male- 
sterile plants (7). The importance of another factor — the abundance 
and activity of insect vectors — has been tested by comparing fruit and 
seed yields of plots of male-sterile tomatoes planted in different local- 
ities and is the substance of this report. A third factor — the compara- 
tive efficiency of different tomato varieties as sources of pollen and as 
pistillate parents — is being investigated in experiments now in prog- 
ress. 

Previous Studies 

The rates of natural cross-pollination (hereafter abbreviated NCP) 
have been tested in the following eight stations known to the writer : 
Japan (3), Davis, California (7), Riverside, California (4), Con- 
necticut (2), Minnesota and South Carolina (1), Pennsylvania (5), 
and Texas (9). None of these results are strictly comparable because 
different varieties that might conceivably differ in their attractiveness 
to insect vectors were used and because they also differed in planting 
designs and planting distances, which are known to affect rates of NCP, 
They differ in a further respect that male-sterile plants were used to 
measure NCP in one of these tests, whereas rates in the others were 
tested by using fertile plants as staminate and pistillate parents and by 
observing the proportion of hybrid seedlings in their progeny. Rates 
based on the use of male-sterile plants might be expected to be higher 
because, in contrast to fertile plants, they produce no pollen to compete 
with that which is carried to them by the vectors. Despite these poten- 
tial sources of error and despite the many different localities tested, 
the reports agree to a remarkable extent, all rates falling between 
and 4 per cent. 

Only in the work of Currence and Jenkins (1) were comparable 
conditions maintained so that a valid comparison could be drawn be- 


*This work was completed during tenure of a John Simon Guggenheim 
Memorial Fellowship. 

These experiments requiring constant attention to plants in widely separated 
localities could not have been completed without the willing help of many workers. 
Much credit is therefore due the people listed in Table I, who generously offered 
the use of their land and who carefully tended the plantings. It is a pleasure also 
to acknowledge much aid from the following people. Bemarr Hall, Asst. Farm 
Advisor in San Diego County and Warren Norton, Faim Advisor in Yolo 
County helped to enlist the aid of farmers in their respective counties. Martha 
O. Rick, Jeanette Robinson, Flora Salaverria, and Robert K. Soost helped in 
scoring the records* P. H. Timberlake,^ Associate Entomologist of the Citrus 
Experiment Station, Riverside, California, kindly identified the species of bees. 
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tween the rates o£ NCP in two widely separated localities. The rates 
ascertained at Charleston, South Carolina, and St. Paul,^ Minnesota 
were found to be quite similar, those for Charleston being slightly 
lower. 

The evidence in the literature therefore gave little encouragement 
to a search for large differences in rates in new localities. Nevertheless, 
the various sections where tomatoes can be grown in California differ 
so greatly in their ecology, and the measurement of NCP is so simpli- 
fied by the use of male-sterile plants, that it w^as decided to make these 
exploratory tests. The effort was well rewarded, for differences of un- 
expected order were encountered. 

Location of Plots 

Special interest is naturally attached to any locality in which rates 
of NCP are high, since insect vectors might be utilized in combination 
with male-sterile plants to produce hybrid seed without the necessity 
of hand-pollination. Accordingly, certain plots were planted close to 
large expanses of undisturbed ground and also close to constant and 
exposed sources of water, sites that entomologists say are most likely 
to be frequented by solitary bees, species of which are most responsible 
for cross-pollinating tomatoes in California. Other plots were planted 
at greater distances from such sites for purposes of comparison. 

The location of the test plots and other pertinent information con- 
cerning them is given in Table 1. An attempt was made to place plots 
in exactly the same site in successive years, but this was possible 
finally in only two instances (454-473 ; 463-475) . In each of two other 
pairs of plantings (455-463; 456-471) the sites of the plots were not 
more than 100 yards apart and were very similar in their ecology. In 
the plantings made at Capay in 1946 (461 and 462) and at Davis in 
1947 (475, 476, and 477) several plots were planted at greater dis- 
tances and in somewhat different ecological situations in various sites 
within one large field. Other information concerning the sites will be 
mentioned in discussing the results. 

Use of insecticides was restricted to the least necessary to control 
homworms and various species of fruit worms. No data available 
indicate how much these insecticides might have reduced the activity 
of tomato pollen vectors 


Design of Plots 

In the preliminary tests of 1945 Design A (Fig. 1) was used. The 
unsymmetrical arrangement of sterile and fertile plants in this design 
served to test exploratorily the difference in rates of NCP expected of 
sterile plants completely surrounded by fertile plants and of sterile 
plants in solid rows flanked by rows fertile plants. But in 1946 and 
1947 this arrangement was replaced by Design B (Fig. 1) because 
the latter was found in the meantime (7) to be more efficient, and also 
because a design was needed in which sterile and fertile plants were 
arranged uniformly throughout. Rates observed in the plots of the two 
designs are not strictly comparable because the rates of NCP of sterile 
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DESIGN A DESIGN B 

Fig. 1. Diagram of planting designs. Design A used in 1945. Design B used 
in 1946 and 1947. F represents a fertile plant; S represents a male-sterile 
plant 

plants arranged as in Design B are known to be higher than those of 
sterile plants only partly surrounded by fertile plants as in Design A, 
but the differences expected of such changes in design are of a much 
smaller order than those observed between many of the test plots in 
this experiment (7). In all plots the plants were placed to 5 feet 
apart in rows spaced similar distances. 

Mutants Used 

The variety San Marzano was used exclusively for these tests be- 
cause it grows better under the widely differing conditions of the 
selected localities than any other indeterminate variety of which male- 
sterile mutants were available. Determinate varieties such as Pearson 
had previously (7) been found unsatisfactory for the asexual propa- 
gation sometimes needed for propagation of the male-sterile plants. 

The male-sterile mutant msz described elsewhere (6) was used in 
the plantings of 194S. For subsequent tests it was replaced by the 
mutant ms^ (8) because the male-sterile segregates of the latter have 
no macroscopically visible remnants of microspores that might be mis- 
taken for fertile pollen, as might conceivably happen in those of the 
former, and are therefore identified in the field with greater reliability. 
Both mutants agree in the nearly normal size and form of their anthers 
— a factor that seems to exert considerable influence on the rates of 
NCP. It is necessary to use mutants with the least modification of 
anther form in order to realize the highest rates of NCP (8), Since 
the rates of NCP of the two mutants do not differ significantly, the 
results of the tests made with the two are comparable, 

A necessary precaution in these experiments is to determine whether 
the male-sterile mutant, in the range of variation of environmental 
conditions in the field, can ever produce functional pollen, self-pollinate 
it^f, and thus give a false notion of the rate of NCP. In a previous 
test (7) it was found that the mutant ms 2 (of the variety Pearson) 
was dependable, yielding no seeds whatever when planted in complete 
isolation. A similar test was made here with 11 plants being 
located in 1947 in isolation of at least 1,000 yards from any other 
tomatoes. The plants did not grow vigorously, but flowered profusely 
during the season of greatest vector activity. They produced a total of 
5,91 1 flowers according to the number of pedicels counted at the end 
of the season. Of a total of 11 fruits produced, 10 were parthenocarpic 
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and 1 contained a single seed. It is possible that the isolation distance 
was not sufficient to prevent completely the visits of stray insects, or 
that it is within the limits of variation for a few male gametophytes of 
this mutant to develop into normal pollen grains (although this has 
never been observed microscopically). If the latter were true, it must 
be a very rare phenomenon according to the rates observed and could 
not affect the observed levels of fruit and seed set to any significant 
extent. Similar tests were not made with the ms^ mutant, but pro- 
duction of normal pollen has likewise never been observed in this 
mutant. 

Methods of Measurement 

The fruit and seed yields and the fraction of flowers that yielded 
fruit were recorded as in the previous experiment (7). Only two points 
require comment. 

First, a complete seed count of the tested plants, especially of the 
fertile ones, requires too much time to be feasible. Instead, for the 
fertile plants, the total seed production was estimated with reasonable 
accuracy from the total seed count of samples — usually samples of 
fruits representing 10 per cent of the total w^eight and containing fruits 
of representative sizes ; for the sterile plants seeds were counted from 
all fruits, or from samples of SO or 25 per cent. 

The second point deals with the estimates of percentages of flowers 
that set fruit. As described previously, these percentages are derived 
from counts of pedicels of flowers that have yielded fruits and of those 
that have failed to do so. Pedicels were examined throughout the 
length of four branches taken at random from each plant. In this way 
the fruit-setting performance of the plant is conveniently recorded for 
all parts of the season. The method does not, however, give an ac- 
curate mean for the whole period of flowering. The defect lies in the 
fact that, as it grows, the plant expands radially in all directions, and, 
for simple geometric reasons, flower production increases with the 
square of the radius. Now, since the sample is taken from a branch, 
which roughly approximates a radial line, the sample includes too 
many flowers from the center of the plant and too few from the periph- 
ery to contain a proportional representation of flowers from all parts 
of the plant. Least error is incurred midway along the branches where, 
fortunately, the highest rates of NCP are observed (Figs. 2 and 3). 
Despite this objection, the values of different plots are nearly com- 
parable because the same method of sampling was used throughout. 

The geometric objection could be satisfied by sampling sectors of 
the plant instead of radial branches, but the reliability of this method 
is questionable because fruits may not be equally distributed over the 
plant. For reasons still the secrets of the vectors themselves, fruits are 
often oddly concentrated on one side or another of the sterile plants. 
Perhaps the only entirely satisfactory method of measurement js to 
sample every inflorescence of the plant. 

The measures of fruit and seed yield were made of all surviving 
sterile plants and of five or six representative fertile ones. Determining 
the representative fertile plant constitutes another problem peoiliar 
to these experiments. Fertile plants from the inner rows of Design B 
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are subject to crowding by the aggressive sterile plants, and thei 
yields might thereby be reduced. Those from the outer rows, however 
suffer practically no competition and are consequently apt to give ; 
higher yield than plants of the same variety growing under the sam< 
conditions except in normal competition with other fertile plants ir 
solid plantings. Yields of fertile plants growing together in a nearb) 
solid block might be taken as the best control figures, but the useful 
ness of these figures could be doubted on the grounds that the soil anc 
other environmental factors might differ between the location of the 
test plot and that of the control plot unless plantings were replicatec 
extensively. In all test plots it was decided arbitrarily to measure yields 
of fertile plants, half of which were in the inner rows and half in the 
outer rows. 

Presentation of Results 

The observations are presented in condensed form in Table 11. 
Fruit yields are stated in terms of mean production per plant. Seed 
yields are given in terms of mean per plant and also in terms of mean 
per fruit. The per cent of flowers that set fruit is the measure pre- 
viously explained. The final column for each measure, representing 
a comparison of the yields of fertile and sterile plants, is the sterile- 
plant yield expressed as a percentage of the fertile-plant yield. This 
percentage was adopted on the basis of the following argument. 

The interest in this experiment centers on the yields of the male- 
sterile plants, but the yields of these alone are relatively meaningless 
without some sort of control or standard of comparison. If, for instance, 
the growing conditions do not permit normal fertile plants to set fruit 
and produce seed abundantly, then a low yield on sterile plants does 
not necessarily imply low rates of cross-pollination. To what extent 
the physiology of the two types of plants is similar enough to permit 
such comparisons is not known. Certainly it should suffice for rough 
comparisons. It is apt to be least reliable in ratios of total fruits and 
total seeds per plant because the total number of flowers per plant, one 
factor on which total fruit and seed yields depend, may be much greater 
in sterile than in fertile plants (Table II). The numbers of flowers 
per plant presented in Table II were not actually counted, but were 
calculated from the quotient of the number of fruits per plant and the 
proportion of flowers that set fruit. This method admittedly is sub- 
ject to considerable error and the estimates thereby obtained must be 
evaluated accordingly. 

Many more test plots were planted than recorded in this report. 
A high percentage of casualties in this t 3 q>e of experiment is unavoid- 
able. With the exception of a few plots of poor growth, the yields are 
r^rfced only for plots of good growth. 

The record is so deficient in plots planted in the same site in suc- 
cessive years that a comprehensive statistical analysis of all plots is 
not justified. 

INTERPLOT Variation 

The total seed yield of sterile plants expressed as a proportion of 
the fertile-plant yield varies from 1.9 to 47 per cent (Table II). This 
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twenty-fold difference is of an entirely unexpected order, lacking any 
counterpart in the literature, and leaves little doubt that many of the 
differences in yields between plots are statistically highly significant. 
In the sites of plots 456 and 471 consistently high yields were realized, 
the sterile plants producing a mean of more than 2,000 hybrid seeds 
apiece. The highest seed yield of any plot, 4,260 seeds per plant, was 
harvested from plot 462 in the same locality as plots 456 and 471, but 
in a somewhat different ecological site. 

The proportion of flowers that set fruit, probably the best single 
measure of rates of NCP for reasons to be explained, is also ex- 
tremely variable. The values fluctuate from 3.1 to 30.3 per cent and 
expressed as percentages of the fertile-plant yields, from 5.9 to 65 per 
cent. 

The mean number of flowers per male-sterile plant, calculated as 
explained previously, shows surprising variability between plots. The 
number ranges from 190 to 1,790 and is much more variable and 
generally higher in sterile plants than in fertile ones. 

The number of seeds per fruit displays much less variability, the 
plot means varying from 7.7 to 26.7, and in terms of fertile-plant 
yields, from 12 to 65 per cent. 

The interest that is naturally attached to the great differences in 
yields of hybrid seed demands for practical reasons whether such dif- 
ferences between localities are sustained from one year to another. 
The answer is not entirely positive nor entirely negative. For such 
localities as Davis (plots 463 and 475) and Bonita (plots 454 and 473) 
the total seed yields from plots in identical locations in two different 
years differ very significantly. Marked differences are also noted in 
the per cent flowers that set fruit. In general it might be said that 1947 
was a year of low vector activity at Davis and at the same time a year 
of higher activity in the localities tested in southern California. 

The yields of the Capay plots are of special interest in this con- 
nection. Plots 456 and 471 were both surrounded by fallow soil and 
located within 40 feet of a large irrigation canal, on the other side of 
which rises an undisturbed slope inhabited by wild grasses and scat- 
tered live oaks. The relatively very high total seed yields and pro- 
portion of flowers that set fruit suggest that within the very similar 
ecological situation of these plots vector activity tends to be consistantly 
high from one year to another. 

It was impossible to locate a plot in the same ecological situation at 
Capay in 1946, but the two plots that were planted in that year hint 
as to the ecological requirements of high vector activity. Hots 461 
and 462 were planted in the same locality except that 462 was situated 
150 feet from the canal and 461 about 900 feet from it. Plot 462 shows 
a very high seed yield — the highest, in fact, for sterile plants in any 
of the plots — but this yield is not matched by a correspondingly high 
fruit-setting capacity of flowers. It resulted from a tremendous growth 
of the sterile plants with consequent large yield of flowers, which, in 
spite of the small fruit-setting fraction, still produced nearly half as 
much seed as the fertile plants. The 3delds of plot 461 are much lower. 
The observations of all plots in the Capay region are therefore in keep- 
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ing with the hypothesis that the rate of NCP varies inversely with the 
distance from undisturbed land and constant source of water. 

In 1947 a similar attempt was made to test the NCP rates in 
microecological terms at Davis. The three plots of this series were 
separated widely in a square field of approximately 40 acre area. All the 
plots were at least 800 feet from a constant and exposed source of 
water, but the distance from undisturbed land varied greatly, plot 477 
being 50 feet away, plot 476 about 600 feet away, and plot 475 about 
1,200 feet away. Plots 475 and 476 show a generally higher yield and 
rate of NCP than 477. Inasmuch as distance from large tracts of un- 
disturbed land is concerned, therefore, the trend here is in the opposite 
direction from that suggested in the Capay series. The observations in 
southern California generally bear out the experience at Davis, since 
the yields and rates do not vary consistently in any manner with re- 
spect to distance from undisturbed land. Although these limited ob- 
serv’-ations cannot be accepted as conclusive, proximity to constant 
sources of open water seems to be a more important factor governing 
the abundance of tomato pollen vectors. It would not be wise, on the 
other hand, to disregard completely the distance of plantings from un- 
disturbed land, for the solitary bees responsible for pollination require 
such areas for nesting sites. 

The great range of variation in yields of plots in different localities, 
and even within localities, emphasizes the necessity of sampling many 
plots of small size. Much more useful information is to be gained from 
a large number of plots of small size than from fewer plots of larger 
size. 

Effect of Adjacent Plantings of Tomatoes 

No consistent relationship was found between the proximity of 
large plantings of tomatoes and the observed levels of NCP. Although 
the experiment was not designed to test this effect, the plantings at 
Davis afford an opportunity for comparison. Plots 463 and 475 were 
planted in the midst of much larger plantings of the same variety, 
whereas the other plots at Davis were isolated by considerable dis- 
tances from other plantings of tomatoes. In this series of plots the 
proximity of larger plantings does not appear to increase or decrease 
markedly the seed yields or rates of NCP. At least, these observations 
do not suggest that smaller plantings tend to attract a greater concen- 
tration of vectors and offer no reason to discourage the large-scale 
planting of fertile and male-sterile tomatoes for the production of hy- 
brid seed. 

Interplant Variation 

It is interesting in this sort of exploratory experiment to assay the 
level of variability of yields between plants. For this puij>ose co- 
efficients of variability were calculated for the total seed yields and 
the percentage of flowers that set fruit. Total seed yield was selected 
because it is the measure of greatest practical interest, even though 
it is apt to be the most variable one on account of the independent 
variation of many contributing factors. The fraction of flowers that 
set fruit was included since it is probably the best single measure of 
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NCP. In Design A used in 1945 the sterile plants differ in the ar- 
rangement of fertile and sterile plants suri'ounding them. Since this 
variability in arrangement might well increase the variability in the 
rate of NCP, coefficients were not calculated for the data of that year. 
Calculations were also omitted for other plots in which the number 
of either sterile or fertile plants measured was too small to afford a 
satisfactory measurement of standard deviation. 

For total seed yield the coefficients (Table II) are very high. What 
is even more striking, however, is the fact that in all plots the values 
for sterile plants are higher than, or as high as, those of the fertile 
plants. The mean coefficient for total seed yield of sterile plants in all 
plots for which the statistic was calculated is 39.6 per cent, while that 
for fertile plants is 26.3 per cent. The difference is not so great as that 
previously observed (7) (47.1 per cent for sterile plants and 29.9 per 
cent for fertile ones), but the latter experiment was limited to a single 
planting. 

A comparison between fertile and sterile plants of the coefficients 
of variability of the fraction of flowers that set fruit is of questionable 
validity because the low numbers of fruits counted probably adds a 
substantially large sampling variability to the inherent variability of 
the sterile plants. The values calculated for sterile plants are therefore 
very likely maximum estimates of variability ; hence they can be com- 
pared safely with higher values. The coefficient for proportion of 
flowers that set fruit in sterile plants (with a mean of 28.7 per cent) is 
well below that for total seed set (with a mean of 39.6 per cent) in 
every plot. The former therefore is subject to less interplant variation 
and is a more efficient measure of NCP. 

The high variability in yields of male-sterile plants, for which there 
is now abundant evidence, must be explained by preferences of the 
vectors for plants in certain positions. The reasons for, or even the 
characteristics of, these preferences are still little understood. 

Comparison of Measures 

The measures that should be adopted for comparisons in such in- 
vestigations will obviously depend on the information sought. At this 
point it is necessary to differentiate between seed yield of sterile plants 
and various contributing factors, including the rate of NCP. It is 
obvious that the total number of flowers per plant, the proportion of 
flowers that set fruit, and the seed-producing capacity of the fruits 
are important factors conditioning total seed yield. Since the rate of 
NCP is fundamentally the proportion of the offspring that result from 
outcrossing, it is independent of the number of flowers produced by 
the plant, which factor can, rather, should be disregarded in any theo- 
retic consideration of rates of NCP. The same recommendation can 
be extended to surveys in which the information sought is the potential 
amount of contamination from cross-pollination that might be expected 
under a given set of conditions. In previous studies of NCP reported 
in the literature, the customary plan has been to use fertile plants as 
pistillate and staminate parents, and the rate of NCP is determined 
as a function of the proportion of hybrid seedlings in the open-pollin- 
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ated progeny of the pistillate parent. Hence the very nature of the 
method employed takes no account of the numbers of flowers pro- 
duced per plant. 

The factor of flower numlier is therefore peculiar to the use of male- 
sterile plants, a fact amply illustrated by the present tests, in which 
the various plots differ to a very great extent in the number of flowers 
per male-sterile plant as already explained. A very high flower number 
(as in plots 462 and 463) can actually obscure a relatively low rate of 
NCP. The importance of this fact was not appreciated in the previous 
experiment (7) because all data were taken from one large plot in 
which growing conditions, and consequently, flower production were 
rather uniform. 

For the purpose of measuring NCP, therefore, the best measures 
are either the proportion of flowers that set fruit or the product of this 
factor and the mean number of seeds per fruit. 

For the practical purpose of manipulating fertile and male-sterile 
tomatoes for the highest production of hybrid seed, interest is naturally 
focused on total seed counts ; in this respect total flower number can- 
not be disregarded. For highest yields of hybrid seed, a basically high 
rate of NCP must be coupled with a high flower production. 

The data provide an opportunity to test the effectiveness of each 
measure alone as an indicator of total seed yield. None of the factors 
measured or calculated, except number of fruits per plant, is closely 
correlated with total seed yield. This lack of correlation might be ex- 
plained partly by the independent variation of the contributing factors 
and partly by the heterogeneity of vectors and their habits. Thus while 
a certain mean number of seeds per flower visited might be expected 
of one species of pollen vector, it might not hold for another ; conse- 
quently, if a basic correlation should exist, say between total seeds and 
proportion of flowers that set fruit, it would thereby be obscured. The 
high correlation between total fruit number and total seed number is 
of doubtful value where accurate estimates of hybrid seed production 
are needed since relatively little work is required in sampling seed 
number. 

Observations of Insect Vectors and Seasonal Variation 
IN Their Activity 

Circumstances permitted the collection of the responsible pollen 
vectors and direct observations of their habits at Davis, Capay, and 
Riverside. One species of solitary bee, Anthopkora urlmna Cressm. 
was observed at all three stations. Without doubt this is the most 
abundant and most active vector at Davis, vrhere it is seen frequently 
throughout the pollination period, but tends to be most numerous in 
late July. Agapostemon Cockerelli Crawf. is seen later in the seascm 
at E^vis and at that time may assume a more important role than the 
other species. Smaller species of solitary bees have occasionally been 
seen visiting tomato flowers at Davis, but they are comparatively 
passive and their effectiveness in transmitting tomato pollen is doubt- 
ful At Capay observations were too limited to assess the importance 
of the various species. Here Anthophora urbanu is important, but 
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Other smaller species, notably those of the genus HaUctiis were also 
caught in the act of visiting tomato flowers. At Riverside what appears 
to be the most frequent visitor is not a solitary bee, but, instead, a 
bumble bee, Bomhus sonorus Say, which has been seen swarming 
around the plants, especially those of the green-fruited species. Here 
it is possible that Anthophora urbana plays a less important role. 

Further pertinent information concerning the seasonal activity of 
the vectors is provided by the records of percentage of flowers that set 
fruit. The records of several representative plots are summarized 
graphically in Figs. 2 and 3. In the plantings at Davis inflorescences 
were tagged at various times during the flowering season, and it was 
possible by reference to these tags at the end of the season, when 
pedicels of the entire branches w’ere examined, to derive an accurate 
picture of the seasonal valuation in NCP. For the other localities no 
date tags were placed, but the order of flowering was always evident 
in the sequence of inflorescences along a given branch. The rate of 
flower production was estimated from the behavior of plants at Davis 
and other localities, and the curves thereby obtained. Considering the 
potential inaccuracies of this method, the location of points in all 
graphs save those for Davis might be subject to as much error in time 
(abscissae) as 10 days. In their general shape, however, these curves 
should represent the relative activity of tomato pollen vectors in dif- 
ferent parts of the flowering season. 

The fruit-setting record of fertile plants in these plots differs in many 
respects from that of the sterile plants. The levels for fertile plants are 
much higher and are maintained at generally high levels for much 
longer periods of time than those of the sterile plants. Furthermore, 
the fertile-plant modes are more numerous and appear at different 
times, according to climatic conditions and possibly other factors. It 
seems likely, therefore, that the fruit-setting performance of the two 
types is governed by different factors and that the seasonal set of sterile 
plants is seldom limited by factors other than activity of the insect 
pollen vectors. 

In Fig, 2 the absolute level of per cent of flowers that set fruit is 
depicted. The differences between plots in rates of NCP are so great, 
however, that comparisons of the shape of curves representing the 
different plots are somewhat obscured. If the total value of all points 
on each curve is arbitrarily set at 100 per cent, and the levels of points 
are thereby represented as percentages, as in Fig. 3, the differences in 
absolute rates are eliminated and seasonal comparisons facilitated. 

All curves agree in their rise at midseason and in the reduction in 
levds at rither end of the season. The agreement is even more remark- 
able in coincidence of maxima in the mid to late July period of all 
curves. The rise to a maximum rate of NCP and the subsequent fall 
are abrupt in all curves except the one representing Oceanside. 

A ccKmparisOn of seasonal levels, clearer in Fig. 3 than in Fig. 2, 
reveals that at Davis and Capay the vectors are absent or inactive at 
the beginning and end of the season, whereas they suddenly reach a 
peak of activity in July and later become less active, the rate of de- 
clining activity being less than the rate of increasing activity. Fig, 2 
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Figs. 2. and 3. Graphs representing seasonal fruit set on male-sterile 
as a result natural cross-pollinatioii. Fig. 2 (abore). Ahsohite tevels of 
Pf feat (a flowers tet srt fruit Fig. 3 (below). Values adjured so flat 
J?*®* ^ 10® pef “«*• (A) Plot No. 471 

Oceanside, 1947. (C) Plot No. 4S3 lUver- 
side, ISMS. (D) Plot No. 455 Davis, 1945. (E) Hot Na 463 DavisflM. 
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and the data in Table II show, however, that, despite the similarity in 
shape of curves for the two localities, the rates at Capay are much 
higher than those at Davis. These similarities in quality, but differ- 
ences in quantity of rates suggest that the same species of vectors are 
responsible in the two localities, but that they are much more abundant 
at Capay than at Davis. Direct observation substantiates the first as- 
sumption, but many more collections would be needed to test the 
second. 

Riverside and Oceanside, the two localities in southern California 
represented in the graphs, differ from the others in never quite reach- 
ing the zero level of NCP at any period of the flowering season, al- 
though the season starts and ends at a lower level than it reaches in 
midseason. The coincidence of the abrupt maximum of the Riverside 
curve with that of Davis and Capay (Fig. 3) might be attributed to 
their common vector (Anthophora urbana). The relatively high level 
of NCP sustained throughout the season and marked decreases only 
at the very beginning and very end of the season of the Oceanside 
curve, differing radically from the others in these respects, suggests 
that in this site (where the ecology differs markedly from that of 
other localities) the vector or vectors are different species than those 
responsible in the other localities. 

Conclusions 

The differences in rates of NCP and in total seed production by 
male-sterile plants observed in different localities and, in certain in- 
stances, in harvests of successive years in the same locality, wholly 
exceed those anticipated from reports in the literature. It is possible 
that the great ecological differences of the various areas of tomato pro- 
duction in California plus the admitted intention to select localities of 
high and low insect activity are responsible for this deviation from 
previously published rates. It might also be possible that male-sterile 
plants are more sensitive to NCP because they fail to yield any func- 
tional pollen, and greater differences between localities might thereby 
be expected. 

The variation in rates observed in different areas in this experiment 
greatly exceeds that found in various arrangements of fertile and male- 
sterile plants in a single locality (7) and indicates that selection of the 
proper locality is a more important factor for the production of hybrid 
seed by the natural cross method. It would seem logical, first to select 
the locality in which tomatoes are cross-pollinated at the highest rates 
and, at the same time, grow well, and secondly to experiment with 
various planting designs and other manipulations that might further 
increase the yields. 

The ideal locality, providing the highest yields of hybrid seed by 
the NCP method, would be the one whose vectors maintain a high rate 
of NCP and whose growing conditions guarantee a reasonably high 
rate of flower production. The Capay region shows greater promise 
than any other locality tested in this experiment. Consistently higher 
rates of NCP and yields of hybrid seed were recorded, especially for 
plots close to the irrigation canal. A further search for localities of 
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high yields might be warranted, however, since summer conditions in 
Capay are not especially favorable for growth of tomatoes, as testified 
by the relatively low yields of fertile plants and low flower production 
of sterile plants. In spite of this drawback, male-sterile plants in the 
most favorable sites in Capay Valley could yield as many as 2,000,000 
or about 10 pounds of hybrid seed per acre from NCP alone. 

No attempt has yet been made to increase artificially the population 
density or rate of activity of the responsible insect vectors. The only 
recommendations in this respect to be gleaned from the present ex- 
perience are negative; practices that discourage visits of the vectors 
should be limited to the greatest extent possible. Their solitary habits 
(excepting Bombus sonorus) seem to preclude any attempt to increase 
their number by artificial culture. In the light of present knowledge, 
therefore, it seems more fruitful to bring the plants to the insects than 
to bring the insects to the plants. 

Summary 

The rates of natural cross-pollination and the consequent yields of 
hybrid seed on male-sterile tomato plants were measured in small test 
plots in several localities in California during a three-year period. The 
results were obtained by observing directly the number of fruits and 
seeds and the proportion of flowers that set fruit on tw’o male-sterile 
mutants of the San Marzano variety when interplanted with fertile 
plants of the same variety. 

Yields of hybrid seeds on the male-sterile plants varied from 105 
to 4,260 per plant, and, expressed as the percentage of the yield of 
fertile plants in the same plots, they varied from 1.9 to 47 per cent. 
In proportion of flowers that set fruit, the observed values fluctuated 
from 3.1 to 30.3 per cent; in terms of fertile-plant yield, from S.9 to 
65 per cent. The number of seeds per fruit varied less, the limits being 
7.7 and 26.7. 

Yearly yields of hybrid seed and rates of natural cross-pollination 
were found to be relatively very high in one locality (C^pay) but 
were highly variable in others. Yields of 2,000 to 3,000 seeds per plant 
set by natural cross-pollination alone on male-sterile plants might be 
expected in the Capay region despite relatively unfavorable conditions 
for growth of tomatoes there. 

Limited evidence suggests that yields of hybrid seed and rates of 
natural cross-pollination are not influenced markedly by the size of 
the planting, but they are apt to be higher in the vicinity of constant 
and exposed sources of water. 

Comparisons reveal that plots differ greatly in the number of flow^ers 
. per male-sterile plant and that the yield of hybrid seeds is considerably 
' influenced thereby. It is suggested that rates of natural cross-pollination 
in the strict sense should not be based on total seed yields, but on the 
proportion of flowers that set fruit or the product of this measure and 
the mean number of seeds per fruit. 

Seasonal variations in the rates of natural cross-poHination were 
ascertained partly by direct observatipns of the vectors themselves, 
but more extensively by examination of flower pedicels at the end of 
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the season. Although the curves of vector activity agree in a rise to a 
high maximum activity in midseason and decline to lower rates at 
either end of the season, many differences in other respects were ob- 
served, suggesting that different species of insects in different concen- 
trations were responsible for pollen transfer in the various localities. 

Except for a species of bumblebee observed at Riverside, various 
species of solitary bees are responsible for the pollination of tomatoes 
in localities where collections were made. The species Anthophora 
tirbam Cressm. was collected most often and appears to be the most 
active vector of tomato pollen in California. 
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An Investigation of the Yield Performance of Several 
Tomato Varieties^ 

By J. Edward Klinker and Robert D. Sweet, 

Cornell University, Ithaca, N. Y. 

F or many years Rutgers and John Baer have been the most popu- 
larly grown processing varieties in western New York. Growers, 
however, have become increasingly critical of these varieties after suf- 
fering substantial losses in tonnage due to the late maturity of Rutgers 
and the high incidence of blossom-end rot so often prevalent in John 
Baer. Because of the criticism of these varieties, tomato variety trials 
were conducted in Erie and Chautauqua Counties in 1947 and 48 to 
seek a more suitable variety for that area. Over this 2-year period, 25 
hybrid and standard varieties were found to be no better suited than 
Rutgers and John Baer; however the varieties 46-31 and Improved 
Wasatch Beauty were found to give consistent, significantly greater 
yields than did these two varieties. 

A study of blossom-end rot susceptibility of all varieties was made in 
1948. Highly significant dilferences in susceptibility between varieties 
were obtained. The commercial varieties in these field experiments, 
therefore, showed not only differential yield response to the field con- 
ditions of western New York, but differences in blossom-end rot 
susceptibilty as well. This differential response of a group of varieties 
to a given set of conditions is usually obtained in most variety trials. 
The reason for these differences is commonly attributed to genetic 
variation between varieties. It seemed logical that some differences in 
expression of this genetic variation might become sufficiently manifest 
in the growth or physiological processes of the different varieties so 
that they could be measured. 

Harvey (2) found that 23 varieties and species of tomato ‘'showed 
consistent statistically significant differential growth on high and low 
levels of nitrogen, phosphorus and potassium solutions'^ He concluded 
that “the differential response to potassium levels (full and minus 
potassium) by tomato strains was inherited”. Tiediens and Schermer- 
horn (3) state that with tomato varieties “the highly vegetative types 
have a high metabolic rate, while the highly fruitful typts have a 
relatively lower rate*^ In this statement the word “metabolism” was 
used synonymously with respiration. 

Two greenhouse experiments, therefore, were designed to study the 
possible reasons for varietal differences in yield and blossom-end rot 
observed between varieties in the 1947 and 1948 field trials. The first 
greenhouse experiment was designed to study growth characteristics 
and physiological processes of several varieties in relation to their per- 
formances observe in the field experiments. A second experiment was 
conducted to investigate varietal efficiency in utilizing low amounts of 

TaJper No. 319, Departtnent of V^etable Crqps, Cornell Umversity, Ithaca, 
New York. 

The geoior author wMtes to express his appremtkm to Dr. H. C. Thompson 
for his many sti^gestions and akt in die j^paration of this paper. 
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nitrate, phosphate, and potassium. It seemed desirable to study as wide 
a range of varietal types as possible. Six varieties showing rather wide 
differences in habit of growth, blossom-end rot susceptibility, and 
yielding ability, therefore were chosen and are shown in Table I. 

TABLE I — Vine Habit, Blossom-End Rot Susceptibility, and Yielding 
Ability of Six Tomato Varieties Grown in Experiments 1 and 2. 


Variety 

Habit of Growth Yielding Ability 

Blossom-End 
Rot Suscepti- 
bility 

46-31 

Indeterminate 

High 

Low 

Gem 

Determinate 

Erratic 

Low 

John Baer 

Indeterminate 

Consistently low 

Very high 

Longred 

Indeterminate 

Erratic 

Very high 

Rutgers, . . 

Improved Wasatch Beauty Determinate 

Indeterminate 

Consistently low due 
to late maturity 
Consistently high 

Low 

Very low 


Studies of the dry weight of roots and tops, root/top ratios, water 
and nutrient absorption, respiration, and photosynthesis seemed the 
most practical method of approach to this problem. These studies were 
made in the greenhouse and laboratories of the United States Plant, 
Soil and Nutrition Laboratory, Ithaca, New York. Only those studies 
concerning the dry weight of roots, tops, water and nutrient absorp- 
tion, and respiration will be reported in this paper. 

Experiment 1 

Seeds of the six varieties were sown on December 7, 1948, in flats 
of quartz sand, and were watered with distilled water. At the age of 3 
weeks, when all seedlings had developed two true leaves, they were 
pricked off and the roots carefully rinsed in distilled water. Twenty- 
four uniform seedlings were selected from each variety. Three seed- 
lings of each variety were transferred to aerated, 9-liter battery jars 
containing Hoagland's Solution 2. Six jars representing the six varie- 
ties^ were randomized to give one replicate. Eight replicates of six 
varieties each were arranged in a randomized block design. 

All jars were equally spaced near the center of a 65 to 75 degrees F 
greenhouse. The initial pH of all cultures was 5.5. Solutions were 
changed with sufficient frequency to maintain good growth throughout 
the period of the experiment. 

Four harvests of the tops and roots of two replicates each were 
made. The first harvest was made 9 weeks after the seedlings were 
placed on the nutrient solution, the second after 12 weeks, the third 
after 14 weeks, and the last harvest after 15 weeks. Just prior to the 
first harvest an electric switch which controlled the air compressor 
was accidently turned off. All aeration, therefore, was stopped for 
approximately 24 hours before the error was discovered. This caused 
moderate wilting of all plants from which they did not recover for 
nearly 48 hours. Some sloughing off of roots was subsequently noted 
when the first harvest was made. Each harvest was made immediately 
following a water and nutrient-absorption study. Methods used in that 
study will be described later. 
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At each harvest, plants were removed from the culture jars, the 
roots excised from the tops and the water removed by, blotting. Fresh 
weights of roots and tops were determined separately. They were then 
dried at 70 degrees C in a forced draft oven to constant weight and dry 
weights to the nearest tenth gram were recorded. Mean dry weights 
of roots and tops of the six varieties for four harvest dates are sum- 
marized in Table II. 


TABLE II — Mean Dry Weights of Roots and Tops of Six Tomato 
Varieties Grown in Experiment 1 


Harvest 

Date 

Weight 

(Grains) 

Variety 

46-31 

Gem 

John Baer 

Longred 

Rutgers 

Improved 
i Wasatch 
Beauty 

Mar 9 

Roots 
Tops 1 

3.55 

23.25 

2.90 

18.50 

3.60 
23.75 ! 

3.20 

20.75 

2.70 

16.25 

4.65 

25.30 

Mar 27 

Roots 

Tops 

8.15 

57.00 

3.30 

22.50 

6.90 

46.75 

4.35 

30.00 

9.00 

57.50 

10.55 

59.50 

Axjr 6 

Roots 

Tops 

7.70 

60.00 

5.40 
42.50 ! 

5.90 

49.00 

7.35 

52,50 

7.05 i 
85.50 i 

7.10 

46.00 

Apr 14 

Roots 

Tops 

12.10 

85.00 

9,70 

64.00 

9.70 

64.00 

5.65 

38.50 

6.10 

62.50 

8.20 

49.00 


No significant differences were found in dry weight of tops between 
varieties. A comparison of mean dry weight of tops between indeter- 
minate and determinate varieties failed to reveal any significant differ- 
ences between the means. It is not surprising that no significant differ- 
ences in dry weight of tops were found between varieties in solution 
culture, since no great differences in the vine habit of the tomato be- 
comes manifest under field conditions until well after plants are 4 
months old. All varieties in this experiment represented standard 
types ; the greatest difference in the vine growth being between the 
determinate and indeterminate habit of growth. Evidence from these 
studies suggests that there was no relationship bet'ween dry weight of 
tops of varieties grown in solution culture and yield of fruit in the 
field. 

The analysis of variance of the dry weights of roots showed no sig- 
nificant differences between varieties. A test comparison of the 
mean dry weight of roots between determinate and indeterminate va- 
rieties also showed no differences. 

Since Improved Wasatch Beauty and 46-31 were found in field 
experiments to give high yields, a comparison was made of their mean 
dry weight of roots with the mean dry weights of roots of the four 
low and erratic yielding varieties and are given in Table III. 

The high yielding varieties had a highly significantly greater dry 
weight of roots than did the other varieties. 

Assuming equal rates of absorption of nutrients and water per unit 
of root weight, the greater the weight of roots the greater the amount 
of nutrients ateorb^. Since the higher yielding varieties had greater 
dry weight of roots, the higher 3rieid of these varieties may be rekted 
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TABLE III — Mean Dry Weight of Roots of Two High Yielding 
Varieties Compared to Four Low and Erratic Yielding Varieties 


Yield Classification 

Mean Weight (Grams) 

Two high yielding varieties 

Pour other low and erratic yielding varieties . 

7.75 

5.80 

Calculated “t" for high versus four other varieties 

2.89 

2.80 

Required “t” for high versus four other varieties (0.01) 


to potentially greater water and nutrient absorption capacity, especial- 
ly under adverse conditions. 

As was previously mentioned, water and nutrient absorption studies 
were made just prior to each harvest. Two replicates were transferred 
from the greenhouse solution cultures to dilute, uniformly aerated 
Hoagland’s Solution 2 cultures in a room controlled to give uniform 
light and temperature. 

Roots of all plants were rinsed twice in distilled water as they were 
transferred from the greenhouse to the constant environment room. 
They were then placed in calibrated, 9-liter culture jars containing a 
.1 normal concentration of Hoagland’s Solution 2 and arranged in 
random order. All cultures were continuously aerated by sintered 
glass aerators calibrated by a clamp flowrator to deliver 220 to 260 
cc air per minute. Air temperature of the room was thermostatically 
controlled at21± 1 degree C. Continuous illumination of approximate- 
ly 800 foot candles was provided by a bank of fluorescent lights com- 
posed of an equal number of white and daylight tubes in alternating 
order. 

Duration of the absorption determinations was arbitrarily controlled 
by the time that was required for at least one variety to exhaust ap- 
proximately three-fourths of the nutrients from the solution in which 
it was growing. Extent of exhaustion was determined by resistance 
measurements made with a cathode ray tube, RCl conductivity bridge 
at 21 degrees C. 

Solution levels were brought to the calibrated marks with distilled 
water and aeration was allowed to proceed for 1 hour just prior to 
making each resistance reading to give uniform mixing of the added 
water. Initial resistance measurements were made immediately after 
the plants were placed in the solutions. Results from an aerated check 
solution showed that no error in resistance readings was introduced 
by carbon dioxide present in the air stream. All volumes of distilled 
water added to the cultures of the diflFerent varieties were recorded. 

The amount of water absorbed by the different varieties was cal- 
culated on the basis of milliliters per gram fresh weight of tdp. A study 
of these data revealed that the six varieties gave almost identical read- 
ings on this basis. There was no significant difference between a mini- 
mum ateorption of 2.1 milliliters per gram fresh weight of tops for 
Rutgers and a maximum of 2.5 milliliters for 46-31. Transpiration 
apparently controlled the amounts of water absorbed, since the plants 
were grown on a nutrient solution and their roots were never subjected 
to any stress from a deficiency of water. The quantity of water ab- 
sorbed by the different varieties in culture solution, therefore, does not 
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appear to bear any relation to their yields or susceptibility to blossom- 
end rot found in the field. 

The duration of the absorption determinations varied from 174 
hours for the first harvest to 48 hours for the last two harvests. A part 
of the variation probably was due to age of the plants, but it is believed 
that the extreme length of time required for absorption in the first 
harvest was due to root injury caused by the accidental stoppage of 
aeration as mentioned previously. 

Initial resistance readings of all cultures varied only slightly from 
460 ohms ; therefore, a statistical analysis of the resistance readings of 
all culture solutions at the end of the nturient absorption determina- 
tions seemed justified. Final resistance readings for all cultures are 
presented in Table IV. 


TABLE IV — Final Resistance Readings in Ohms for All Culture 
Solutions in Which Six Tomato Varieties Were Grown 


Variety 



Replication 

1 

2 

3 

4 

5 

6 

7 

8 

46-31 

730 

1,500 

1,500 

5.750 

2,110 

620* 

11,700 

4,480 

Gem 

800 

1,000 

625 

1,075 

570 

1,955 

2,510 

3.900 

Jolm Baer 

790 

1,575 

2,950 

2,600 

2,076 

2,080 

2,550 

900 

Longred 

965 

1,250 

720 

2,400 

2,030 

2,450 

6,050 

525 

Rutgers 

805 

590 

1,675 

2,900 

2,110 

1,985 

1,585 

590 

Improved Wasatch Beauty , 

815 

3,900 

3,900 

2,600 

2,030 i 

1.950 

1,315 

5,650 


♦Aerator clogged for 24 hours. 


Logarithmic transformations of all resistance values were made and 
statistically analyzed. When the mean log values of the solutions in 
which the two high-yielding varieties were grown were compared by 
the 'V test with that of the solutions in which the other varieties were 
grown, it was found that the former had a higher resistance, that is, 
they had absorbed more nutrients than the erratic and lower-yielding 
varieties. The high-yielding varieties also had the greatest dry weight 
of roots. This higher uptake of nutrients, therefore, was probably due 
to the larger root systems rather than greater absorbing capacity per 
unit of weight of the roots. From these results, it would appear that 
the varieties giving high yields in the field experiments also produced 
heavier roots and absorbed more nutrients when grown in culture 
solution than did those varieties which yielded low or erratically in the 
field experiments. 

To ascertain any possible differences in rates of respiration between 
varieties, a method of simultaneously measuring respiration of several 
replicates of the six varieties was required. Bonner and Wildman (1) 
reported that highly reproducible rates of gas exchange were obtained 
from spinach 1^ fragments in a phosphate buffer measured in the 
Warburg respirometer. The authors of this paper, however, obtained 
only very erratic measurements of oxygen uptake from 20^ J^-inch 
leaf discs by using this method. When discs were placed on moistened 
filter paper in the bottom of the Warburg flasks without a buffer, how- 
ever, uniform readings of oxygen uptake were obtained between rqili- 
cates of the same leaf. 
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With the model of the Warburg apparatus available for this work, 
respiration of two full replicates of the six varieties could be deter- 
mined simultaneously. Measurements were made by the oxygen ab- 
sorption method for measuring respiration described by Umbreit, 
Burris, and Stauffer (4) except that the method was modified by 
eliminating the buffer and substituting moistened filter paper. All 
measurements were made at 25 degrees C in a darkened room. Two- 
tenths milliliter of 20 per cent potassium hydroxide was used in the 
center well of each flask to absorb the carbon dioxide. After measure- 
ments of oxygen uptake were made of the disc samples, they were 
dried to constant weight and their dry weights recorded. Calculations 
of oxygen uptake were made to convert the values to microliters (pi) 
uptake of oxygen per milligram dry weight of the leaf discs. These 
data were then statistically analyzed and the results given in Table V. 


TABLE V — Oxygen Consumption of Leaf Discs of Six Tomato Varie- 
ties (Microliter Oxygen Absorbed per Milligram Dry Weight per 
Hour) 


Variety 

Replications 

Mean 

1 

2 

3 

4 

46-31 

Gem 

John Baer 

Longred 

Rutgers 

I mpro ved W asatch B eautv 

2.26 
3.02 
2.48 
2.14 
2.39 j 
2,12 ! 

1.62 

2.25 

2.37 

1.90 

2.09 

1.64 

2.31 

2.22 

2.24 

1.75 

1.87 

1.64 

2.21 

2.92 

2.22 

2.71 

2.17 

2.07 

2.10 Mean for high-yielding 
2.60 varieties: 2.02 

2.33 

2.12 

2.13 Mean for other four: 
1.94 2.30 


Least Difference (0.08) 0.37 

Calculated “t” for high yielding varieties versus others 2.63 

Required “t” for high yielding vaneties versus others (0.05) 2.14 

(0.01) 2.97 


The data in Table V show that there were no significant differences 
in rates of respiration between John Baer and Gem; however, 46-31, 
Longred, Rutgers, and Improved Wasatch Beauty had a significantly 
lower rate of respiration than did Gem. By means of a *'t” test the 
mean rate of respiration of the high-yielding varieties was compared 
with the mean rate of respiration of the other varieties. This compari- 
son showed that the high-yielding varieties had a significantly lower 
rate of respiration than did the other varieties. 

Experiment 2 

In this experiment the six tomato varieties were grown on restricted 
nutrient solutions to study any possible differences in their efficiency 
of utilization of low amounts of nitrate, phosphate, and potassium. 
Seeds of the six varieties were sown in flats of quartz sand on Febru- 
ary 10, 1949, and were watered with distilled water. At the age of 5 
weeks seedlings were transferred to aerated 500 ml brown-bottle cul- 
ture jars. Four nutrient treatments were used ; full Hoagland's solu- 
tion 2, full except .1 nitrate, full except .1 phosphate, full except .1 
potassium. 

Varieties and treatments were completely randomized in four repli- 
cations. There were no significant differences between varieties in root 
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and top growth produced on the full, low nitrate, and low phosphorus 
treatments. The mean dry weights of roots and tops produced by the 
six varieties on low potassium are showm in Table VL 


TABLE VI — ^Mean Dry Weight of Roots and Tops of Six Tomato 
Varieties Grown on the Low Potassium Treatment 


Variety 

Weight (Grams) 


Roots 

Tops 

46-31 

0.40 

1.20 

Mean for other 

Gem 

0.39 

1.52 

five varieties 

John Baer 

0.65 

1.82 


Longred 

0.45 

1.45 i 

Roots 0.42 

Rutgers 

0.38 

1.06 1 

Tops 1.32 

Improved Wasatch Beauty 

0.49 

1.36 j 


Mean 

0.46 

1.40 ' 



Calculated **t” for John Baer versus five other varieties — roots. .... 2.64 

— tops 2,30 

Required *‘t*’ for John Baer versus five other varieties roots and tops (0.05) 2.01 

( 0 . 01 ) 2.68 


By means of a test, a comparison was made of the mean dry 
weights of roots and tops produced by John Baer on the low potassium 
treatments with the mean dry weights of roots and tops produced by 
the other five varieties. John Baer was found to have produced a sig- 
nificantly heavier root growth and top growth than did the other 
varieties. This would indicate that John Baer was more efficient in 
its utilization of low amounts of potassium than were the other varie- 
ties. The more efficient utilization of low potassium exhibited by John 
Baer may be due to some factor in the genetic constitution of that 
variety. 

Summary 

Results of the two experiments reported may be summarized as 
follows : 

No relationship was found between the dry w^eight of tops of the six 
varieties grown in culture solution and their yield performance in the 
field. Varieties producing high yields in the field experiments, how- 
ever, produced a highly significantly greater dry weight of roots and 
absorbed significantly more nutrients when growm in culture solution 
than did those varieties which yielded low or erratically. The greater 
absorption of nutrients by the high-yielding varieties was probably 
due to their larger root systems. 

The varieties which produced high yields in the field were found to 
have a significantly lower rate of leaf respiration than did those varie- 
ties which produced low or erratic yields. These results are in agree- 
ment with the work of Tiedjens and Schermerhorn (3). 

The variety John Baer produced a significantly heavier dry weight 
of tops and roots on the low potassium treatments than did the other 
five varieties with which it was compared. This more efficient 
tion of potassium by John Baer may be due to some factor in its 
genetic constitution, A differential varietal response to low potassium 
was noted by Harvey (2) and he concluded that it was inherited. 
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The Importance of Time of Application of “Hormone” 
Sprays to Improve Greenhouse Tomato Yields^ 

By D. D. Hemphill, University of Missouri, Columbia, Mo. 

I N THE USE OF Synthetic growth-regulating substances (‘^hormones”) 
to improve set and size of greenhouse tomatoes considerable em- 
phasis has been placed on proper concentrations, but the timing of the 
application has been stressed little. Usually spraying is begun when the 
first flowers open, but in fruit setting studies with hormones at the 
Missouri Agricultural Experiment Station (2,3) it has been observed 
that best results are obtained if sprays are delayed until three or more 
flowers of the cluster are open. Also general observations have indicated 
that in the case of whole plant spraying the upper portion of the plant 
containing unopened flower clusters should not be sprayed. Roberts 
and Struckmeyer (4) have shown that both the percentage set of fruit 
as well as size of individual fruits depends upon the time of application 
of the fruit-setting chemicals. 

The present studies were conducted to collect further data on the 
effects of growth-regulating substances on flower bud development and 
to determine the stage of flower development which will give maximum 
fruit set and size with hormone application. 

Materials and Methods 

Plants, var. Master Marglobe, used in these experiments were grown 
in a medium of two-fifths clay loam, two-fifths mold, and one-fifth 
river sand in concrete benches in a greenhouse. They were spaced 2 by 
2 feet, staked, and trained to a single stem. All growth-regulating sub- 
stances were applied as aqueous sprays with a small hand atomizer. 

Except where noted each bud or flower was sprayed individually and 
only once. For ‘‘bud stage” treatments the spray was applied approxi- 
mately 8 days prior to anthesis, for “anthesis stage” treatments the 
flower was sprayed when fully open, and with “post-anthesis stage” 
treatments flowers were sprayed 4 days after fully open. 

Pollination was facilitated by tapping the clusters twice weekly while 
in bloom. 

Yield records are based on fruit of a marketable size (3 ounces and 

Experiment I — Winter 1946-1947 
The growth-regulating substance, p-chlorophenoxyacetic acid (Q- 
PA) , was selected for this experiment, because it has been shown to be 
one of the most effective of the hormones for fruit-setting (2,3). The 
plants were divided into four groups, of fourteen each, and were treated 
as follows : 

1. QPA— lOppm (budstz^e) 

2. QPA — 10 ppm (anthesis stage) 

3, QPA — 10 ppm (whole cluster treatment). Spray applied once to 
whole cluster when the first three flowers were open. 

4. Control— no treatment. 

from the Department of Hortioilture, Missouri Agricuttiirial Ex- 
periment Station* Journal Smes No. 1154. 
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Results from this experiment are presented in Table I. CIPA, 10 
ppm, applied to the flower at anthesis gave an increase in yield of fruit 
^2.64 per cent) resulting from an increased number and a larger 
average size of fruit. When this chemical was applied to the bud, ap- 
proximately 8 days before anthesis a marked reduction in yield (28.41 
per cent) resulted, due both to decrease in number of fruit set and a 
smaller average size of fruit. 

TABLE I — Effects of p-Chlorophenoxyacetic Acid on Yield of 
Tomatoes When Applied at Different Stages of Development 
(Concentration 10 ppm, Average for 10 Plants — ^Winter 1946 - 47 ) 


Stage of Flower Develop- 
ment When Treated 

Number of 
Market- 
able 
Fruit 
Harvested 

Increase or 
Decrease 
Due to 
Treatment 
(Per Cent) 

Average 
Weight 
per Fruit 
(Pounds) 

Increase or 
Decrease 
Due to 
Treatment 
(Per Cent) 

Total 
Weight 
of Fruit 
Harvested 
(Pounds) 

Increase or 
Decrease 
Due to 
Treatment 
(Per Cent) 

Bud stage 

92 

-23.33 

0.241 

-6.58 

22.18 

-28.41 

Anthesis stage 

Whole cluster flowers and 

158 

-1-31.66 

0.277 

+7.36 

43.77 

+42.64 

buds present 

Onn+TTit nn +rp>flt'mP‘n + 

144 

i‘>n 

+20.00 

0.263 

+1.93 

37.86 

5in Qft 

+22.20 


A number of the buds treated before anthesis did not exhibit normal 
development. Opening was delayed, and some failed to open even 
though they persisted on the cluster. 

Evidently treatment affected the developing pollen grains or ovules 
or both for most of the fruit were seedless. These seedless fruits were 
abnormally flattened, ridged, and had very large stem scars. Only a 
small percentage would have been marketable because of the unde- 
sirable shape and general appearance, even though they were of a 
marketable size. 

Spraying the whole cluster after three flowers had opened resulted 
in greater yield than that of the controls, but the increase was less than 
that of plants with individual flowers treated at the anthesis stage. 

Experiment II — Spring and Summer 1947 

It was thought desirable to determine the influence upon yield of 
certain other hormones, in addition to p-chlorophenoxyacetic acid 
(CIPA) when applied at different stages of development. The chemi- 
cals chosen were a-naphthaleneacetic acid (NA) and ^-naphthoxy- 
aceticacid (NOA). 

A group of plants was divided into seven lots of 12 plants each. The 
growth-regulating substances were applied at two different stages of 
development, as shown in Table II. 

This experiment was conducted during the period April to July when 
hormone treatment would be least effective in augmenting yield of 
greenhouse tomatoes because light intensity and duration are sufficient 
to petroit the plant to develop normal floral parts. 

I^ta presented in Table II show that an appreciable decrease in yield 
resulted from ‘‘bud stage*’ sprays with all three ‘‘hormones”. With 
treatment at anthesis CIPA and NOA increased yields while NA 
showed no beneficial or detrimental influence. 
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TABLE II — Effects of p-Chlorophenoxyacetic, a-NAPHXHALENEACETic, 
AND /S-Naphthoxyacetic Acids on Yield of Tomatoes When Applied 
AT Two Stages op Development (Average for 10 Plants — Spring 
1947) 


Treatment 

Number of 
Market- 
able 

Fruit ! 
Harvested 

Increase ori 
Decrease 
Due to 
Treatment 
(Per Cent) 

Average 
Weight i 
per Fruit 
(Pounds) j 

Increase or 
Decrease 
Due t» 
Treatment 
(Per Cent) 

Total 
Weight 
of Fruit 
Harvested 
(Pounds) 

Increase or 
Decrease 
Due to 
Treatment 
(Per Cent) 

CIPA — 10 ppm 

Bud stage 

166 

-8.79 

0.346 

-2.81 

57.48 

-11.24 

CIPA — 10 ^pm 

Anthesis stage 

206 

+13.19 

0.363 

+1.97 

74.45 

+ 15.42 

NA — 20 ppm 

Bud stage 

172 

-5.49 

0.327 

-8.15 

56.27 

-13.11 

NA — ^20 ppm 

Anthesis stage 

191 

+4.95 

0.337 

-5.34 

1 

64.36 

-0.63 

NO A — 50 ppm 

Bud stage 

174 

-4.39 

0.340 

-4.49 

59.20 

-8.59 

NO A — ^50 ppm 

Anthesis stage 

195 

+7.14 

0.368 

+3.37 

71.73 

+10.76 

Control — no treatment . 

182 j 

— 

0.356 ! 

— 

64.76 



Experiment III — Winter 1947-1948 

The presence of seeds in a fruit usually favors its maximum develop- 
ment. Hormones applied during pollination decrease seed formation, 
hence, a post-fertilization application might be more beneficial than at 
earlier stages. It is known that the ovaries of tomato flowers are sub- 
ject to stimulation even after the petals have begun to wither (4) there- 
fore it was thought desirable to compare the effect of hormone sprays 
applied after fertilization has occurred with those applied at earlier 
stages. 

For this experiment flowers 4 days after they had opened were select- 
ed as being in post-fertilization stage. According to Judkins (1), fertili- 
zation in the tomato usually will have occurred in 4 days or less after 
pollination. 

A lot of plants was divided into nine groups of 10 each. f>~Chloro- 
phenoxyacetic and a-naphthaleneacetic acids were applied at three 
stages of development: “bud-stage” (approximately 8 days before 
anthesis), “anthesis stage” (when flowers were fully open), and “post- 
fertilization stage” (4 days after fully open) . 

In Table III, it will be noted that “bud stage” sprays again reduced 

TABLE III — ^Effects of p-Chlorophenoxyacetic and a-NAPHTHALENE- 
Acetic Acids Upon Yield of Marketable Greenhouse Tomatoes 
When Applied at Different Concentrations and Stages of Develop- 
ment (Average for 10 Plants — ^Winter — 1947-48) 


Treatment 

Number of 
Fruit of 

1 Marketable 
' Sise 

■ 

Total 
Weight 
of Fruit 
(Pounds) 

Inarease or 
:Decrease Due 
to Treatment 
(Per Cent) 


117 

-23.03 

36.31 

-21.91 

CiPA— 10 i>pm ant-hwaft sta^e. 

181 

+19.08 


+12.65 

ClPA-10 ppm pok-anthesjs stage 

ClPA-20 ppm post-anthers stage ..... 
NA— 20 ppm btm stage. 

196 

190 

103 

+28.95 

+25,00 

-32.24 

54.68 

59.4S 

Z2M 

+17.48 

+27.91 

-2933 

NA— 20 ppm anthesis sta^e 

151 

-0.66 

40.86 

-12.13 

NA— 20 ppm post-anthe^ stage 

158 

+3.95 

-1.97 

44.12 


NA— 40 ppm post-an^^as stage 

149 


-13.51 

Controls 

152 

1 46.50 
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yields. Flower development, as indicated by date of opening, was re- 
tarded. Histological examination of buds 4 days after treatment showed 
that 25 to 100 per cent of the pollen grains had collapsed and ovule 
development, in most cases, had been retarded or completely inhibited. 

CIPxA. applied at anthesis improved set of fruit, but the greatest in- 
crease in yield resulted from post-anthesis sprays with the higher con- 
centration giving the largest yield. Fruits from flowers treated at the 
‘'post-anthesis stage’’ contained more seeds than fruits from flowers 
sprayed at the "anthesis stage”. NA, 20 ppm, caused a smaller re- 
duction in yield when applied 4 days after anthesis than when applied at 
anthesis or 8 days before anthesis, however, higher concentrations of 
NA caused considerable reduction in yield even at the post-anthesis 
stage. 

Discussion and Summary 

To secure maximum benefit from "plant hormones” not only must 
the proper concentration be used but the chemical must be applied at 
the proper stage of development. Results of experiments reported here- 
in indicate that hormone sprays at concentrations most effective for 
fruit-setting are detrimental when applied approximately 8 days before 
anthesis. Normal flower development was inhibited, and both fruit set 
and size were reduced. The majority of the fruit which did develop 
were seedless or only partially seeded due to injury to the pollen grains 
and ovules. 

Spraying flowers when fully open increased set and size of fruit over 
controls, but hormones applied 4 days after anthesis gave the greatest 
increase in yield. 

Fruits from flowers treated 4 days after anthesis contained more 
seeds than those from flowers sprays at anthesis. Seeds are usually 
beneficial to maximum fruit size, and, perhaps, the greatest yield is 
due to the presence of more seeds per fruit. 
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Tomato Lines of Lycopersicon Esculentum Type 
Resistant to Tobacco Mosaic Virus^ 

By W. A. Frazier and Robert K. Dennett, University of 
Hawaii Agricultural Experiment Station, Honolulu, Hawaii 

I N a preliminary report from the Hawaii Agricultural Experiment 
Station, Kikuta and Frazier (8) presented data on tobacco mosaic- 
virus resistance in progeny of certain complex tomato species hybrids. 
At the time of that report the material was extremely heterozygous, 
and it was recognized that several additional generations would be 
required before an idea could be obtained as to wdiether the resistance 
could be successfully transferred to Lycopersicon esculentum type 
lines. It is the purpose of the present paper to show the degree of 
apparent resistance that has been maintained after further hybridiza- 
tion and selection for improved horticultural characters. 

Parentage of Resistant Lines 

While large numbers of selections, with varied parentage, have been 
carried in these tests, the lines have been narrowed down to the rela- 
tively few of greatest promise. Data on selections within these most 
promising lines will be presented here. These lines, with their parent- 
age, follow : 

A. HES^ 3390, 3391, 3392 lines, derived from the cross: 2524 (L. 
esc}) X { 2269 (L. esc,) X [(L, peruv, — MSF X L. pimp.) 
X L. hirs,] } 

The 2524 and 2269 Lycopersicon esculentum lines were de- 
veloped in Hawaii in other phases of tomato improvement (3) 
and carried resistance to fusarium wilt (Fusorium oxysporiim, 
P, lycopersici), spotted wilt, and gray leaf spot (Stemphylium 
solani). The cross listed here is merely a backcross of the 
T-3400 reported earlier (8) to 2524. 

B. 3299 lines: Same as A, except delete 2524; thus, 3299 is a 
straight selection from T-34X). 

^Published by permission of the Director of the Hawaii Agricultural Experi- 
ment Station as Technical Paper No. 186- 

®The abbreviation TM will hereafter be used in this article to refer to td>acco 
mosaic (tomato mosaic) (Marmar tabaci H.) 

The Lycopersicon permnmum X Michigan State Forcing cross shown in the 
parentage of the lines discussed in this paper was made by Dr, A. F. Yeager, 
who supplied F» seed to us ; L. hir^ium was supplied by Br. S. P. BoolitSe ; 
L, pimpinellifolmm came from the Divimon of Plant Exploration and Introduction 
of the Bureau of Plant Industry, Soils and Agricultural Engineering, U. S. 
Department of Agriculturew Original isolation of the TM virus strain used in 
these tests was done by Bn F. O- Holmes while on a visit to Hawaii The senior 
author wishes especially to express his appreciation for the assistance given by 
K. Kikuta in the early ffeises of this work. 

*HES refers to Hawaii Agricultural Experiment Statk>ii selection ituihbers. 
H^eaffcer, the HES be deleted from Hawaii selectbn numbers for brevity, 
*At^revktion^: JL esc,, Zywpersicm esatlentum; L, perm,, L, permmnum; 
MSF, Mkhigah State Forcing ^ Z. pmp,, L, pimpmeUifolium; L, hirs,, L, h%r~ 
sutum. 
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C 3399 lines : 3095 X { 2524 X [2269 X (L. peruv. - MSF ~ L. 
pimp. X L. Mrs.) X (L. pcniv. - MSF - L. pimp. X L. 

Mrs.) ] } t 1 j 

The 3095 was an Lycopersicon esculentum type developed 

for resistance to fusarittm wilt, spotted wilt, and gray leaf 
spot (3). 

Testing Methods 


Source of TM inoculum has been^ dried leaves of tomatoes which 
were infected with the yellow, distorting strain of TM virus previous- 
ly used (8). Leaves have been air dried and kept in a desiccator over 

calicum chloride until 



Fig. 1. Tomato seedlings 13 days after in- 
oculation with a severe yellows strain of 
tobacco mosaic virus. Left, a plant of 3391 
(3870), free of symptoms. Right, a plant 
of Pearl Harbor, showing severe chloro- 
sis and considerable distortion of young 
leaflets. 


ready for use. Five 
grams of dry leaf tissue 
have been ground in a 
mortar, with approxi- 
mately %. teaspoonful of 
400-mesh carborundum. 
One hundred cubic cen- 
timeter of water has then 
been added, and inocula- 
tion performed as sug- 
gested by Holmes (4). 
Leaves of each young 
seedling are gently rub- 
bed with a cotton swab 
which has been dipped 
into the inoculum. Seed- 
lings have been inocu- 
lated 2 to 4 weeks fol- 
lowing sowing of seed. 
In the moderately cool 
weather of winter, seed- 


lings grow more slowly 
than in summer, thus necessitating delay in testing. In some cases, a 
second inoculation has followed within 1 or 2 weeks. After susceptible 
plants have been eliminated in the seedling stage, the remaining, ap- 
parently resistant, ones have been transplanted to field plots. The field 
plots have been used repeatedly for growing tomatoes for TM tests — 
one planting closely following the other — thus adding to the severity 
of the over-all TM tests to which plants are subjected through possible 
inoculation from soil, as indicated by Johnson (7). 


Check (susceptible, inoculated) plants have been transplanted to the 
field plots for comparison with resistant lines in late stages of growth. 
Plants have been selected or eliminated on the following basis : 


a. Earliness of appearance of symptoms; even though symptoms 
were mild, plants have been discarded if mottling, or distortion 
of leaves were present in young seedlings. 
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b. Relative symptom expression of mature plants; only plants 
which have shown mild or medium mottling when fruits mature 
have been selected. Mature plants with severe symptoms of mot- 
tling or leaf distortion have been eliminated regardless of rather 
good yields in some cases. 

c. Vigor of plants at maturity ; the most vigorous types have been 
retained, although 3390 and 3391 have never been distinctly 
vigorous. 

d. Yield of plants ; in general selections have been based on ability 
of mature plants to produce good yields in spite of mild to medi- 
um TM symptoms. A few lines such as 3299, however, have been 
retained primarily for their resistance. 

Records of appearance of symptoms have, for purposes of simplifi- 
cation, been modified from time to time. In most instances, plants have 
been placed in two categories: (a) completely free of symptoms; or 
(b) showing mild, medium, or severe symptoms. In other tests, to 
secure occasional readings on apparent gradations in mottling, plants 
have been classed as 0, free of symptoms ; 1, mild mottling ; 2, medium 
mottling; and 3, severe, yellow% mottling and/or leaf distortion. Thus, 
one class has been eliminated from the 0, 1, 2, 3, 4 system previously 
used by Kikuta and Frazier (8). 

Results 

Test TM-4 : — ^The Fj hybrid, from which 3390, 3391 and 3392 lines 
were later derived, was planted in this test. Seeds were planted Janu- 
ary 28, 1947; seedlings were transplanted to flats February 8, and 
inoculated with TM virus February 18. On February 27 data were 
secured on TM symptoms. Resistant plants were transplanted to the 
field March 7. Of 55 Pearl Harbor plants, used as checks, all showed 
severe TM symptoms on February 27 ; of 75 plants of the Fj hybrid, 
45 were susceptible, with varying degrees of mottling ; of the remain- 
ing 25, 13 were eliminated in the field on March 20 after showing 
medium to severe mottling, leaving 12 from which to make selections. 
One selection, given a selection number 3118, was especially promis- 
ing. 

Test TM-5 : — In this test progeny of 3118 (Fi plant selected from 
above cross tested in TM-4) were compared to Pearl Harbor. Seeds 
were planted June 1, 1947 ; seedlings were transplanted to flats June 
10, and inoculated with TM virus June 17. On July 2, data were 
secured on TM symptoms, and plants transplanted to the field. At this 
date the 95 Pearl Harbor plants used as checks showed TM s^niip- 
toms; of 80 plants of 3118, 16 were eliminated. In the field, 41 addi- 
tional 3118 plants were eliminated for TM symptoms. The 23 remain- 
ing plants showed very mild mottling, but ^ were rather unproduc- 
tive, leaving 3 for selection. Seeds of the three most promising {3281, 
3282 and 3283), along with several other lines, were planted for the 
next test, TM-b. 

Test TM-6 : — ^Data for this test, including planting and iUocidation 
dates, are shown in Table I. Line 3285, with sources of resistance to 
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TM virus similar to the other lines, was included to compare with the 
Fi hybrid (3285 X susceptible) ; an Fi of 3281 X susceptible was also 
included. 


TABLE I — Test TM6: Resistance of Tomato Lines and Fi Hybrids to 
Tobacco Mosaic Virus* 


Line 

Total 

No. 

Plants 

Tested 

Number of Plants Eliminated Be- 
cause of TM Mottling on Indicated 
Datesf 

Number 

Without 

Symptoms 

Number 

Without 

Symptoms 


Dec 11 

Dec 21 

Jan 2 

Jan 16 

Peb5 

Peb 5 

Apr 27 (Field) 

Pearl Harbor . . . 

3281 P 3 

108 

42 

108** 

13 

2 

11 

”3 

7 

6 

0 

3281 Xsusceptible Pi 
3391 (3282) P 3 

52 

27 

2 

16 

5 

2 

0 

0 

31 

7 

3 

6 

0 

4 

11 

0 

3390 (3283) Pj 

22 

0 

0 

1 

0 

13 

8 

0 

3285 Pj 

61 

24 

9 

14 

8 

6 

8 

0 

3285 Xsusceptible Fi 

72 

19 

IS 

16 

3 

2 

14 

0 

3299 P 4 

48 

3 

4 

2 

2 

10 

27 

0 

T-3765t F* 

49 

14 

7 

14 

5 

3 

6 

0 


*Seeds planted November 20, 1947; first TM inoculation December 3; second TM inoculation 
December 12. 

**A11 plants thereafter, when planted to field, retained medium to severe mottling^ symptoms. 
fPearl Harbor plants retained for planting to field; all susceptibles appearing in segregating 
lines were discarded. 

JFor parentage of T-3765 see discussion of parentage of resistant lines under “ C” in text. 


Ability of many plants to grow for prolonged periods without de- 
velopment of TM symptoms following heavy inoculation is clearly 
shown in the table. All plants of Pearl Harbor and other commercial 
types of tomatoes used as checks have shown 100 per cent infection at 
an early date in these tests. The data are rather typical of the behavior 
of resistant lines in that development of symptoms within given time 
periods is shown to vary widely for individual plants, until finally, 
after plants have been in the field for several weeks, all plants are 
classified as susceptible. Many, however, show no more than mild 
symptoms. This behavior persisted in tests TM-7 and TM-8, and also, 
as will be noted, in a recent test TM-9 (Table II). 

An interesting feature of Table I is the apparent high degree of 
dominance of resistance exhibited by the two Fj hybrids, which rather 
closely parallel the behavior of the resistant parent. While in some 
instances Fi hybrids appear to show even a greater lag in symptom 
development than resistant parents, it has been more common to find 
slightly less resistance in the Fi. Since the material under study has 
presumably been heterozygous for resistance, it is sufficient simply to 
note that there is a rather high dominance of resistance. 

^ Test TM^9 : — ^Data for this test are presented in Table II. In addi- 
tion to readings made January 31 for susceptibility in seedling stages, 
plants were classified in the field at 6)4 and 10 weeks following initial 
inoculation; at 10 weeks (March 14) the variations in symptom ex- 
lir^sion were also noted. 

Font weeks following inoculation (January 3 to January 31), all 
plants of Pearl Harbor showed mottling, while most plants of selec- 
tions from lines 3299, 3390, 3391 and 3392 were free of symptoms. 
The 3399 line was represented by several individual plant selections, 
all of which showed resistance intermediate between that of Pearl 
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TABLE II — ^Test TM9: Resistance of Tomato Lines and Fi Hybrids 
TO Tobacco Mosaic Virus* 


Line 

Seedling Susceptibility 

Field Susceptibility 

No. 

Entire- 
ly Free 
of 

Symp- 
toms 
Mar 26 

No. 

Tested 

No. Sus- 
ceptible 

Jan 31 

^4. 

6 S 

No. Sus- 
ceptible 

Feb 18 

Susceptible Rating Mar 14 

0 None 

1 Slight 

2 Medi- 
um 

3 Severe 

Pearl Harbor 


20 

20 

15 

15 




6 

9 

0 

3299 (3693) 

....P, 

40 

0 

14 

2 


11 

3 



0 

3299 (3689) 

....P, 

37 

0 

18 

8 

1 

15 

2 



0 

3390 (3839) 

....Fd 

29 

4 

20 

8 

— 

15 

5 

— 

0 

3390 (3842) 

....Fd 

16 

0 

14 

4 

— 

8 

6 



0 

3391 (3836) 

.,..Fd 

34 

0 

33 

15 

— 

24 

8 

1 

i 0 

3391 (3870) 

... Fd 

27 

0 

1 25 

2 

1 

23 

1 


0 

3391 (3872) 

. ..Fd 

18 

2 

11 

2 

___ 

5 

6 

— 

0 

3391 (3869) 

....Pd 

20 

0 

19 

12 

— 

15 

4 

— 

0 

3391 (3869) Xsusceptible P* 

25 

0 

24 

11 

— 

6 

17 

1 

(t 

3392 (3687) 

. ..Fd 

20 

0 

1 9 

4 

— 

6 

3 

— 

0 

3392 (3687) Xsusceptible Pi 

9 

0 

8 

5 

— 

1 

7 

— 

0 

3399 (3858) 

....P, 

40 

33 

4 

4 

— 

— 

3 

1 

0 

3399 (3865) 

... 

39 

13 

17 

11 

, — 

— 

IS 

2 

0 

3399 (3946) 

. ...F4 

40 

21 

9 

? 

— 

— 

6 

3 

0 

3399 (4017) 

... P. 

40 

15 

1 

8 

— 

1 

11 

2 

0 

3399 (4018) 

, . P, 

40 

18 

i 18 I 

18 

— 

— 

13 

5 

0 

3399 (4019) 

. Pd 

! 40 

: 19 

13 j 

13 

— . 

— 1 

9 

4 

0 

3399 (4023) 

... F4 

I 40 

I 4 

! 25 1 

14 

— 

3 ' 

21 

1 i 

0 


♦Seeds planted December 2, 1948; first TM inoculation January 3; second TM inoculation 
January 11. 

fFor resistant lines, only plants free of symptoms on January 31 were transplanted to field; 
others were discarded. Pearl Harbor susceptibl<^ were, however, transplanted to the field. 


Harbor and lines of the 3391 type. There were indications of grada- 
tions of resistance between 3399 selections also — 4023, for example, 
tending to show symptoms at later dates than others. 

At 10 weeks (March 14) following inoculation, classification on 
basis of degree of mottling revealed that lines relatively free of symp- 
toms January 31 and February 18 were in general the least severely 
mottled on March 14. Two plants free of symptoms March 14 had 
become mottled by March 26, thus corroborating earlier evidence that 
within this material the ultimate development of at least mild symp- 
toms can be expected. Yet the decided delay in development of symp- 
toms and mild eventual symptoms displayed by a line such as 3391 
(3870) has offered encouragement to proceed toward the goal of de- 
veloping commercially acceptable tomatoes with this type of resistance. 

The 3390 and 3391 lines are determinate plum or cherry tomatoes, 
1 to 1)4 inches in diameter, fruitful, rather early, deep red in color 
when mature and highly compatible with commercial tomatoes. One 
characteristic has persisted — - a tendency tow^ard low germination of 
seed, the reason for which is not now known. The number of seeds per 
fruit has been low. 

The 3399 line has been carried for superior horticultural characters, 
with fruits 2 to 4 inches in diameter, with excellent vigor and good 
yields. It may be necessary to cross to 3390 or 3391 types to regain a 
higher level of resistance, however* In spite of the fact tMt many selec- 
tions from 3399 have been made for red f ruit color^ all have segregated 
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thus far for yellow skin and light flesh colors. It remains to be seen 
whether there is a possible close association between this color factor 
and resistance to TM virus. No such difficulty was experienced with 
3390 or 3391 types. 


Discussion 

Of what value is the type of resistance exhibited by these tomatoes ? 
We do not know the answer to this vitally important practical ques- 
tion. While it may be possible now to secure a partial answer by care- 
fully controlled tests of infected versus virus-free resistant plants com- 
pared to infected versus virus-free susceptible ones, the fact remains 
that the most satisfactory answer must await development of desirable, 
heavy yielding commercial types carrying genes for resistance. We 
say genes, for it appears that there must be more than one major gene 
— and/or several modifiers — involved. In some respects these tomato 
lines have behaved in a manner similar to the cucumber mosaic ‘‘re- 
sistant’’ cucumbers studied by Shifriss, Myers and Chupp (10). The 
work here has not shown, however, whether the heterogeneity noted 
in the tomato material is primarily genetic, or what portion may be 
accounted for by testing methods, variations in the virus, appearance 
of additional viruses in the field, environmental effects, or the inter- 
play of enviromnent and heredity. The implication is apparent that 
testing of large numbers of plants is desirable if the best combinations 
are to be obtained at an early time. In most of our individual tests, 
only 1000 to 3000 plants have been studied. 

Data in Tables I and II clearly show that, without question, there 
is within resistant lines a delay in development of mottling or of dis- 
tortion of tomato leaves following inoculation with heavy concentra- 
tions of the TM virus. Is this “resistance” due to an actual lack of 
inoculation, to a very slow multiplication of the virus, to masking 
effects, to slow transport of the virus within plant tissues, or to other 
factors? Doolittle, Porte and Beacher (2) have shown that certain 
lines of Lycopersicon hirsutum possess high resistance to TM virus ; 
it has been observed by Alexander, Lincoln and Wright (1) and by 
McFarlane, Hartzler and Frazier (9) that L. peruvianum may pos- 
sess valuable genes for resistance; Holmes (5) showed that L. pimpi- 
neUifoUum tended to resist development of TM virus in the tissues, 
and that plants performed very satisfactorily in spite of presence of 
the virus. A tendency toward escape from infection (klendusity) was 
noted by Holmes (6) in L. Chilense, Although L. Chilense was not 
involved in the parentage of these lines, it is possible that such re- 
sistance is not peculiar to L, Chilense alone. L. peruvianum has been 
considered very closely related to L. Chilense, 

Since the Hawaii lines have been derived from a complex cross 
involving Lycopersicon esculenium, L, hirsutum, L, peruvianum and 
L. pmpmdUfolium, it is possible that more than one type of resistance 
may have been secured and maintained from these species. Our effort 
has been aimed primarily at the attainment of a practical breeding 
objective ; it has not been feasible to study in detail the behavior of the 
lines in an attempt to explain their observed behavior with respect to 
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symptom development. Yet such studies may reveal information of 
great value to the breeder. Certain of the most promising lines were 
sent, at an early stage of development, to Dr. F, O. Holmes. His 
studies on the nature of the material, soon to be published, will no 
doubt aid in a clarification of the behavior pattern of the lines discussed 
in this paper. 


Summary 

Data on resistance to tobacco mosaic virus in advanced generations 
of progeny from the cross involving Lycopersicon escidentum, L. hir- 
siitum, L. peruvianum, and L. pimpinellijolium species are presented. 

Plants of certain lines exhibit a delay of many weeks in development 
of TM symptoms. The most resistant lines are plum or cherry type 
tomatoes. Lines with better horticultural characters possess less re- 
sistance, indicating possible need for further hybridization. All lines 
are highly compatible with Lycopersicon esculentiim. 

Whether the resistance is due to an actual resistance against inocu- 
lation, to slow multiplication of the virus, to masking effects, to slow 
virus transport, to combinations of these, or to other factors has not 
been determined. Since there is the possibility of involvement of more 
than one gene and/or gene modifiers, a rather difficult breeding prob- 
lem may be involved. Dominance of resistance has been high indicating 
possible ultimate value for use in commercial Fi hybrid combinations. 
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Skin Puncture Studies on Red-Ripe Tomatoes^ 

By George A. Johannessen, Purdue University, Lafayette, Ind, 

T he purpose of conducting skin puncture studies was to provide 
data whereby any correlations possibly existing between strength 
of skin and tomato fruit cracking in the field would facilitate future 
work. 

Other specific aims were to note the differences in skin strength 
between the stem end, the middle and the blossom end of red-ripe 
tomatoes wdthin variety 222. Also, in a similar test, to obtain data on 
the strength of skin and the differences in skin strength between red- 
ripe Rutgers and Gulf State Market tomatoes. As with 222 it was felt 
that future studies in the field might indicate to what extent, if any, 
skin strength is correlated with the incidence of cracking. 

Frazier (1) found (although he published no data on it) that the 
skin resistance of the creases radiating from the stem end of the 
tomato fruit was considerably less than the resistance between the 
creases or at the flower end when fruits were subjected to puncture 
tests. He used a corn pressure tester with a piston 0.514 mm in 
diameter for his studies. Frazier (1) also reported that the older the 
fruit becomes, the greater is the probability that it will crack. He found 
that this tendency is especially pronounced up to the time fruits reach 
red-ripeness. 

Procedure 

Variety 222 : — Seed of variety 222 was obtained from G. Reynard, 
plant breeder with Campbell Soup Company in Riverton, New Jersey. 
This variety had shown evidence of some resistance to cracking ac- 
cording to conversations with G. Reynard and H. M. Hunger of 
Cornell University. 

Variety 222 also seemed favorable for this study for the following 
reasons: (a) the plants produced an abundance of fruit in the green- 
house and so provided adequate material for completing the tests, 
and (b) the fruits ripened evenly, were smooth skinned, round and 
very uniform in size. 

Six plants of 222 were grown in soil in the greenhouse in 8-inch 
pots. Three tomatoes were harvested as they reached the red-ripe 
stage. The tomatoes were cut from the cluster in order to avoid pos- 
sible tearing of the skin due to pulling the fruit from the plant. Only 
uncracked fruits were used in these tests. Each tomato was tested 
within 2 hours from the time of harvest. 

Fig. 1 illustrates in diagrammatic form the apparatus designed to 
measure the force necessary to puncture the skin of red-ripe tomatoes. 
A tomato was placed on an inverted jar lid on platform 2 to keep the 
fruit immobile while pressure was being applied. A 100-cc beaker 


^Journal Article No. 339 of the Purdue Agricultural Experiment Station. 
The author wishes to repress his appreciation to Dr. J. D. Hartman and 
Prof. S. R. Miles for their time and help with the statistical analyses, and to 
J. M. Ross for making the drawing for Fig. 1. 

272 



JOHANNESSEN: TOMATO FRUIT CRACKING 273 



Fig. L Apparatus designed to measure the force necessary to puncture the 
skin of red-ripe tomatoes. 


was placed on platform 1 of the scale which was then balanced. 
Clamped to a rack and pinion immediately above the tomato was an 
aluminum needle holder with a fdatinum wire which piptraded Vie 
inch below the chuck. The burrs on the edges of the wire had been 
very slightly filed to avoid uneven cutting of the skin. The area of the 
puncturing surfeice was 0.20^8 sq mm as determined fay a Brown 
and Sharpe micrometer. 
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Above the beaker on platform 1 was a 100-cc Geisler burette with 
a straight stopcock. The burette which was filled with water was held 
in position by a support stand on a tripod base. 

After balancing the scale, a 30-gram weight was placed on plat- 
fonii 1 which was then held in a balanced position while the wire was 
lowered to the surface of the tomato skin. Platform 1 was released 
gently placing the 30 grams pressure on the surface of the tomato 
skin. After releasing platform 1 the water was turned on above the 
beaker and the moment the wire punctured the tomato skin it was 
turned off. The 30 grams pressure plus the number of cubic centimeters 
(grams) of water it required to puncture the skin was then recorded. 

Ten readings were taken at the stem end around the edge of a circle 
approximately 1 inch in diameter. Ten readings were taken halfway 
between the stem and the blossom ends, and 10 punctures were made 
at the blossom end within an area of a circle approximately 1 inch in 
diameter. 

Upon completion of these tests each figure was converted to grams 
per square millimeter necessary to puncture the skin. This was ac- 
complished by multiplying each recording by 4.934. 

Rutgers and Gulj State Market : — In another preliminary test eight 
plants of each variety were used, but only one fruit was harvested 
from each plant. The method employed in testing skin strength of 
these two varieties was the same as that outlined for variety 222 above. 
(Punctures were made with the same wire and all figures were con- 
verted to grams per square millimeter by multiplying by the same 
factor, 4.934.) 

Results and Discussion 

Table I shows the effect on resistance to puncture of three locations 
on the fruit. The differences between the strength of skin at the stem 
end, the middle and the blossom ends were the most highly significant 
differences noted in these tests. This is a point of interest with regard 
to tomato fruit cracking in that Frazier (1) reported that both radial 
and concentric cracking occurred mostly at the stem end. It appears 
probable, therefore, that further study and work in breeding tomatoes 
for more uniform skin strength, and tomatoes with stronger skins, is 
justified. 

Table I shows the effect of plants on resistance of the tomato skins 
to puncture. The figures represent the average value of 90 readings 
taken on three fruits from each plant. The fact that plants varied so 
significantly is not too surprising in the light of Frazier and Bowers’ 
(2) observations on tomato fruit cracking. They have observed that 
“severity varies greatly in different years, with soils, varieties, vines 
of a given variety, fruits on a vine, or even fruits on a cluster”. 

Table I shows a significant interaction between different plants and 
locations on the fruit. Here again the results obtained by the puncture 
tests appear to parallel Frazier and Bowers’ (2) observations re- 
garding the unpredictable behavior of fruits with regard to the in- 
cidence of tomato fruit cracking. 

Table I also shows that fruits within plants vary significantly at the 
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TABLE I — ^Average Skin Puncture Readings in Grams Per Square 
Millimeter for Variety 222 


Plant 



Location 




Fruit 

Stem 

Middle 

Blossom 

Average 

1 

1 

270 

191 

434 

298 


2 

228 

246 

386 

287 


3 

319 

342 

381 

347 

Average 


273 

260 

400 

311t 

2 

1 

333 

494 

449 

425 


2 

321 

433 

475 

410 


3 

i 319 

442 

474 

412 

Average 


i 324 

i 456 

1 466 

415 

3 

1 

233 

343 

388 

321 


2 

273 

335 

377 

328 


3 

229 

238 

i 418 

295 

Average 


245 

305 

394 

315 

4 

1 

409 

389 

414 

404 


2 

378 

373 

460 

404 


3 

352 

383 

444 

393 

Average 


380 

381 

439 

400 

5 

1 

346 

385 

517 

416 


2 

320 

320 

437 

359 


3 

342 

343 

465 

383 

Average 1 


336 

349 

473 

386 

6 

1 

446 

428 

458 

444 


2 

412 

436 

406 

418 


3 

352 

441 

480 

424 

Average 


403 

435 

448 

429 

Average ( 

of all readings 

327* 

365 

437 



Least difference for significance: ^ ^ , 

5 Per Cent Level 1 Per Cent Level 

♦Locations on fruit 24 32 

tPlants 39 55 

All interactions are significant at the 1 per c«nt level. 


one per cent level and that the interactions of fruits and locations on 
the fruit within plants are also significant at the 1 per cent level 

Rutgers and Gulf State Market : — ^The average skin strength, or 
resistance to puncture, was greater, but not significantly so, for the 
eight Rutgers tomatoes tested than it was for Gulf State Market. The 
averages for plants (they might be called averages for fruits since 
only one fruit was tested for each plant) show reversals in Table 11 , 
This large variation within varieties probably accounts for the fact 
that there was no significant difference. It is recognized, also, that a 
very small sample was studied. 

Table II shows that the location on the fruit effect is significant at 
the 1 per cent level. In both Rutgers and Gulf State Market the stem 
end is the least resistant to puncture, the middle next and the blossom 
end most resistant to puncture. This is noted al^ in Table I for 222* 
and it would appear safe to say that this is protebly the case in most 
of our tcpiatsb varieties. Once a^in, there is evidence, thou^ not 
enough, that with cracking occurring most frequently at the stem end, 
as reported by Frazier (1), a correlation might well exist between 
strength of skin and tomato fruit cracking. 
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TABLE II — ^Average Skin Puncture Readings in Grams Per Square 
Millimeter for Gulf State Market and Rutgers Varieties 








Plants 




Variety 

Location 










1 

2 

3 i 

4 

5 

6 

7 

8 

Average 

Gulf State 

Stem 

273 

189 

273 

152 

388 

184 

155 

163 

222* 

Market 

Middle 

347 

267 

329 

184 

309 

285 

216 

245 

273 


Blossom 

381 

302 

452 

207 

450 

427 

310 

362 

361 


Average 

333t 

253 

352 

181 

382 

299 

227 

257 



Stem 

349 

260 

335 

307 

311 

198 

297 

348 

301 

Rutgers 

Middle 

312 

210 

224 

331 

365 

361 

285 

411 

312 

Blossom 

303 

264 

313 

296 

516 

575 

483 

466 

402 


Average 

321t 

245 

290 

311 

397 

378 

355 

408 



Least difference for significance: 

5 Per Cent Level 1 Per Cent Level 

*Locations on fruits within varieties ... 64 87 

fPlants within varieties . ^ 26 ^ ^ 35 

The interaction of plants and locations on fruit within varieties is significant at the 1 per cent 
level. 


Table II shows that the plants (or the fruits, as explained above) 
varied significantly at the 1 per cent level within varieties. This, too, 
was found with 222 as can be seen in Table I and may account in part 
for the difference in cracking observed within some of our tomato 
varieties as Frazier and Bowers (2) have reported. 

Table II shows the interactions between plants and locations within 
varieties. These were significant at the 1 per cent level. It will be noted 
here that there are several reversals in skin strength between locations 
in both Rutgers and Gulf State Market. 

Summary 

Puncture data were obtained on three red-ripe tomato fruits from 
each of six plants within variety 222. These data show that the stem 
end of the ripe fruit was significantly less resistant to puncture by the 
method employed than was the middle of the fruit and that resistance 
to puncture at the middle was significantly less than at the blossom 
end of the fruit. There were some reversals, however, as indicated by 
significant interactions. Plants varied significantly in their resistance 
to puncture. On some of the plants fruits varied significantly from 
each other. 

A limited test on Gulf State Market and Rutgers tomatoes indicated 
that the stem end was significantly less resistant to puncture than was 
the blossom end. Within both of these varieties plants varied sig- 
nificantly. The interaction was significant between plants and locations 
on the fruit. 
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The Effect of Storage Upon the Ascorbic Acid 
Content of Tomatoes Harvested at Different 
Stages of Maturity^ 

By L. E. Scott and A. Kramer, University of Maryland, 
College Park, Md. 

T omatoes produced for the fresh market are harvested at various 
stages oi maturity, ranging from the ‘'green-mature” crop of the 
distant shipper, to the "red-ripe” fruit harvested by the local truck 
^rdener. Similarly the time elapsed between harvest and the consump- 
tion may be only a few hours or may be many days. The effect of these 
factors upon the ascorbic acid content of the tomato has not been pre- 
cisely defined in the literature. 

In the earlier work on the ascorbic acid content of tomatoes Jones 
and Nelson (4) and Clow and Marlott (1), using bio-assay methods, 
found an apparent increase in vitamin C associated with maturation 
of the fruit. The latter workers (1) state that fruit ripened off the vine 
seemed to be as effective a source of the vitamin as vine-ripened fruit. 
MacLinn and Fellers (7) and MacLinn, Fellers, and Buck (8) found 
no difference in ascorbic acid content due to maturity and no loss in 
ascorbic acid from ripe fruits which were stored for 10 days at room 
temperature. Brown and Moser (2) found higher values in overripe 
than in firm ripe fruit and showed no effect of temperature or length of 
storage period upon the ascorbic acid content of ripe tomatoes. Murphy 
(10) has shown a significantly higher value for ripe tomatoes but 
Kaski, Webster and Kirch (5) and Wokes and Organ (11) found no 
difference in content of green and ripe fruits harv’ested at the same 
time. 

Wokes and Organ (11) also found that tomatoes harvested while 
green and ripened at room temperature in sunlight developed an as- 
corbic acid content similar to that of vine-ripened fruit, but if ripened 
in the dark at room temperature the content was appreciably lower. 
Other workers have not indicated the light conditions accompanying 
experimental storage periods. Mumeek et a! (9) state that greenhouse 
tomatoes picked "green” are relatively low in ascorbic acid content but 
upon ripening at room temperature reach a value almost equal to that 
of vine-ripened fruit. However, field-grown tomatoes often showed the 
highest content during the early stages of maturity, and fruit harvested 
while green seemed to lose ascorbic acid upon ripening. 

Hamner, Bernstein, and Maynard (3) stored green mature toma- 
toes at 65, 70, 75, and 90 degrees F, analyzing the ripened fruits 
at the end of 1, 2, 'and 3 weeks. Two week’s storage at the three lower 
temp^tures did not appreciably affect the ascorbic acid content, but 
at the end of 3 wedcs at 65, 70, and 75 degrees F ; or after 2 weeks at 
80 or 90 degrees F, there was a marked decrea^. These workers also 
found a increase with maturity of the fruit. Kays (6) reported 
a remarkaWy imifonn loss of ascorbic acid from tomatoes in storage. 

*Scieetifc Paper No, CcKitrSiutkfn No. 2167 of the Marylatid Agri- 
cultural Station, D^rtui^ of Hordcultare. 
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Those held on ice retained 70 per cent and those uniced 62 per cent of 
initial content after 6 days storage. 

Materials and Methods 

Rutgers tomatoes grown at the University Plant Research Farm 
were used in these studies. Fruit harvested on August 3 and 17 were 
classified into six categories of maturity, namely 1, immature green ; 
2, mature green ; 3, breaking color ; 4, pink ; 5, mostly red or firm ripe ; 
and 6, red or canning ripe. Random lots from classes 1, 2, and 3 were 
stored at 70 degrees F. Lots from class 4 were stored at 50 degrees F. 
Lots from classes 5 and 6 were stored at 35 and 50 degrees F. Each lot 
consisted of from 2 to 4 half bushel baskets. All lots were placed in 
storage within 4 hours after harvest. The storage rooms were unlighted 
except for brief intervals during sampling. 

Samples of each maturity were obtained for ascorbic acid analysis 
at the time of harvest, and additional samples were taken from each 
lot during storage at 2-day intervals up to 10 days. At each sampling 
date, the tomatoes in classes 1 and 2 which were ripening during stor- 
age, were sorted into three maturity classes, (a) green, (b) breaking 
color, and (c) pink or riper. The percentage falling into each class was 
determined and the classes analyzed separately. 

Samples for ascorbic acid estimation consisted of eight fruits selected 
at random from each lot. Pie-shaped segments from opposite sides of 
each tomato, weighing in total SO grams were blended for 3 minutes 
with 250 ml of 0.4 per cent oxalic acid in a Waring blendor. After 
filtering, an aliquot of the extract was titrated visually with standard- 
ized indophenol dye solution. 

Results 

The data from both harvests at each sampling date are given in Table 
I and the variance analysis summary of these data in Table 11. In com- 

TABLE I — ^The Ascorbic Acid Content, During Storage, of Tomatoes 
Harvested at Different Stages of Maturity 


Tempera- 

Maturity Class ture of Harvest 

At Harvest Storage Date 

(Degrees F) 


1. Green 70 

2. Mature green 70 

3. Breaking 70 

4. Pink 50 

5. Mostly red (firm ripe) 35 

5. Mostly red (firm ripe) 60 

6- Red (canning rii)e> 35 

6. Red (canning ripe) 50 

Storage means: Harvest 
Harvest 




L.S.D. (5 per cent level): Between treatment (matunty-temperature) means: 1.6. 
Between storage means; X.4. 
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TABLE II — ^Variance Analysis of Data in Table I (Ascorbic Acid 
Content of Tomatoes During Storage) 


Variance due to: 

Degrees of 
Freedom 

Mean | 

square j 

F. 

Storage period 

5 

64.55 

34.89** 

Treatments (maturity and temp.) 

7 

17.04 

9.21** 

Harvest date. . 

1 

225.40 

121.84** 

Interaction: 

(a) storage by treatment 

35 

1.72 

.93 

(b) storage by harvest 1 . 

5 

5.38 

2.*)1* 

(c) treatment by harvest 

7 

9.14 

4.94** 

Error variance 

31 

1.85 



**Significant at 1 per cent level. 
*Significant at 5 per cent level. 


piling the data for treatments 1 and 2 in which the fruit was divided 
into maturity classes before analysis, the analytical results were weight- 
ed according to the percentage of fruits falling into each class at each 
sampling period in order to obtain a single value for the treatment. 

The tomatoes harvested on August 17 were significantly higher in 
ascorbic acid than those harvested August 3 with one exception, that 
of the ripest maturity class. Ascorbic acid content increased with ma- 
turity of the fruit at time of harvest on both dates, again with the ex- 
cepion of the ripest class harvested August 17. This increase due to 
maturity was more pronounced in the earlier harY^'est when the '‘im- 
mature green’* fruit contained 12.1 as compared with the 19.0 mg per 
100 grams content of the “red ripe” tomatoes. The mean value for the 
“immature green” class was significantly lower than that of any other 
treatment. Tomatoes harvested at the “breaking” stage and stored at 
70 degrees F showed the highest mean ascorbic acid value for the en- 
tire storage period, and had the greatest retention during storage. 

In all treatments there was a decrease in ascorbic acid content during 
storage. This decrease occurred largely during the first part of the 
storage period. There was no significant difference in the content of the 
riper maturity classes stored at 35 and 50 degrees F. 

The ascorbic acid readings on the tomatoes of classes 1 and 2 in 
which analyses were made on the different maturity grades when re- 
moved from storage, are given in Table III. Although these data are 
from more limited sampling lots and are not amenable to statistical 
analyses, there are present certain indications concerning ascorbic acid 


TABLE III— The Ascorbic Aod Contents of Tomatoes Ripening 
During Storage at 70 Degrees (Harvested Before Inception of 
Coloration) 
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clianges in fruit ripening during storage. The fruit analyzed before in- 
ception of coloration gave lower readings as the length of storage in- 
creased. These lower values may represent actual loss of ascorbic acid 
during storage or may be a function of a lower initial content in these 
more immature fruit. The highest ascorbic acid values found, almost 
without exception, in the samples which showed some coloration, 
strongly suggest an increase in ascorbic acid content associated with 
pigment formation. However, it will be noted that the ascorbic acid 
content of the fruit ripening during storage was appreciably lower than 
that of vine-ripened tomatoes at the time of harvest. 

Summary 

The ascorbic acid content of Rutgers tomatoes was found to increase 
slightly with increasing maturity of the fruit at the time of harvest. 
There was a loss of ascorbic acid during storage of “green mature’’ 
tomatoes at 70 degrees F and during storage of riper fruit at 35 and 
50 degrees F. Analyses, during storage, of tomatoes harvested in the 
green stage, showed an apparent increase in ascorbic acid associated 
with coloration of the fruit. Tomatoes ripened in storage did not attain 
the ascorbic acid value of vine-ripened fruit. 
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Calcium and Potassium Relationships in 
Tomatoes and Spinach^ 

By R. L. Carolus, Michigan State College, East Lansing, Mich. 

A lthough calcium has been shown to have a marked effect on the 
. growth of the tomato plant under controlled conditions, the in- 
fluence of lime on the yield of fruit under field conditions has not been 
consistent. Thompson (7) and Jones and Rosa (4) cited investigations 
in Texas, New Jersey, Virginia, West Virginia, Missouri, New York 
and Rhode Island which indicated that lime was of no benefit to 
tomatoes. More recent observations by Hester (2) however, indicate 
that tomatoes may be benefited by lime. In addition, Sayre (6) re- 
ported a marked benefit to the crop on an acid soil from the use of 3 
tons of dolomitic limestone per acre. In this report an attempt is made 
to indicate possible causes for the lack of response to lime reported for 
the tomato crop ; and to determine how spinach, a plant that responds 
markedly to lime, differs from the tomato in its ability to accumulate 
calcium and potassium. 

Materials and Methods 

A field experiment was conducted in Schenectady County, New 
York, on a Hoosick loamy course sand on plots that had been treated 
two years previously with coarse magnesium limestone at rates of 0, 
1, 2, and 4 tons per acre, and with cow manure at rates of 0, 7.5, 15, 
and 30 tons per acre. The pH values of the soil on the unlimed plots 
ranged from 5.2 to 5.5, and of soil from plots that had received lime 
at the rate of 4 tons per acre, ranged from 5.9 to 6.6. The lime and 
manure had been applied in such a manner that each rate of liming 
was used with each rate of manure application, resulting in 16 treat- 
ments. Before setting the tomato plants a uniform application of a 
5-10-5 fertilizer was applied to the area at the rate of 1,000 pounds 
per acre. Six weeks after the plants were set, and 2 weeks before the 
first picking, additional potash as muriate of potash, at the rate of 60 
pounds per acre of was applied as a side dressing to one-half of 
each plot. Total yields were low due to a prolonged drouth during the 
last 6 weeks of the harvest season. In addition to yield data, foliage 
samples were taken for ash analysis from the terminal growth of the 
plants at the time of the final harvest. 

In a second experiment, Marglobe tomato and Virginia Savoy 
spinach plants, after attaining suitable size to make transplanting 
feasible, were transferred from soil to an aerated nutrient solution of 
the composition suggested by Hoagland and Amon (3). After the 
plants had become adjusted to their new environment the comporitions 
of the cultures were altered as indicated in Table III. In addition to 

ytouraal Number 1101 of the Michigan State Agricultural Experunent 
Station. 

This material has been taken in part from a thesis presented in IM)^ for the 
Ph.D. degree at Cornell University, wlmre the study was conducted under the 
directkMii'of Dr. H* C- Thompson, 
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the changes in the Ca and K ions, the attainment of the large quantity 
of Ca ions in the high calcium cultures necessitated the addition of 
2,553 ppm of Cl ions. In all other respects the nutrient contents of the 
solutions were the same. Dry weight determinations were made after 
the plants had been allowed to grow for 2 weeks in the solutions and 
the dried material was ashed and analyzed for CaO, K^O and MgO. 

Results and Discussion 

The results of these investigations are shown in Tables I, II and 
III. In the field experiment (Table I) neither lime at 4 tons per acre, 
with the 50-pound potash application, nor the additional potash ap- 
plication (60 pounds per acre) on the unlimed areas had any signifi- 
cant effect on the yield of tomatoes on the non-manured plots. How- 
ever, on the area receiving 4 tons of lime, additional potash signifi- 
cantly increased the yield by 2.5 tons to the acre. Also the yield for the 
4-ton lime application w^as increased by 2.2 tons to the acre over that of 
the unlimed plot when the comparable plots received the application 
of 110 pounds of potash to the acre. Neither lime nor a 110-pound 
application of potash was significantly better than either no-lime or a 
50-pound application of potash where either treatment was applied 
independently of the other to the non-manured areas. 

On the unlimed area, the data (Table I) indicate that an additional 


TABLE I — Influence of Potash, Lime and Residual Manure on the 
Yield of Tomators (Yield Expressed in Tons to the Acre) 


Manure 

(Tons Per Acre) 

K,0 

(Pounds Per Acre) 

Limestone (T 

ons Per Ac 

re) 

Difference 

4-0 

0 

1 

2 

4 


no 

7.7 

9.5 

9.8 

9.9 

2.2 

0 

50 

7.4 

7.2 

8.3 

7.4 

0.0 


Difference 

0.3 

2.3 

1.5 

2.5 

2.2 


110 

7.4 

9.0 

10.3 

10.7 

3.3 

7.5 

50 

7.9 

7.9 

8.7 

9.8 

1.9 


Difference 

-0.5 

1.1 

1.6 

0.9 

1.4 


110 

9.2 

9.3 

10.6 

11.6 

2.4 

15.0 

60 

9.0 

9.0 

10.0 

9.8 

0.8 


Difference 

0.2 

0.3 

0.6 

1.8 

1.6 


110 

10.4 

10.0 

11.0 

12.3 

1.9 

30.0 

50 

8.7 

9.4 

10.5 

11.0 

2.3 


Difference 

1.7 

0,6 

0.5 

1.3 

-0.4 

Difference (30-0) 

110 

2.7 

0.5 

1.2 

2,4 

-0.3 

Difference (30-0) 

50 

1.3 

2.2 

2.2 

3.6 

2.3 


Difference 

1.4 

-1.7 

-1.0 

-1.2 



Least significant difference 5 per cent — 0.8 tons; 1 per cent — 1.2 tons. 


application of potash significantly increased yield 1.7 tons to the acre 
on areas that had received 30 tons of manure per acre, but was without 
significant effect on lightly manured or non-manured areas. It is inter- 
esting to note that at the SO-pound potash application, the heavy rate 
of manuring was responsible for an increase in yield of only 1.3 tons 
to the acre while at the higher rate of potash application, the heavy 
rate of manuring resulted in an increase in yield of 2.7 tons to the 
acre. It would appear that on a light soil either liming or manuring 
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increases the effectiveness of potash fertilization. When all three factors 
were at the maximum, namely, lime 4 tons, manure 30 tons, and potash 
1 10 pounds to the acre, the maximum increase of 4.9 tons to the acre 
was realized. 

A study of the influence of treatment on the CaO and KsO contents 
(Table II) of the plant tissue may offer some explanation for the yield 


TABLE II— 'Influence of Potash, Lime and Residual Manure on the 
K 2O AND CaO Content of Tomato Foliage (Expressed as Per Cent 
OF THE Dry Weight) 


Manure 

(Tons) 

K,0 

(Lbs) 

0 Lime 

1 L 

ime 

2L 

ime 

4L 

me 

K.0 

CaO 

K,0 

CaO 

K:0 

CaO 

K.0 

CaO 

0 

110 

6.2 

2.9 

5.4 

3.5 

4.4 

3.3 

3.5 

4.2 


50 

3.8 

5.2 

4.0 

4.6 

3.6 

3.7 

3.4 

4.0 

7.5 

no 

5.4 

3.4 

5.0 

4.1 

5.1 

3.5 

5.4 

3.4 


50 

4.6 

3.9 

4.8 

3.6 

4.4 

3.6 

4.4 

4.5 

15.0 

no 

5.5 

3.0 

6.6 

3.8 

5,7 

3.6 

5.7 

4.3 


50 

5.7 

3.6 1 

6.6 

3.0 

4.9 

3.4 

4.8 i 

3.6 

30.0 

110 

6.8 

3.5 

6.7 

4.2 

6.5 

3.6 

4,8 1 

6.0 


50 

6.1 

3.5 

7.0 1 

3.6 

5.4 

4.0 

5.6 i 

3.9 


Least significant difference 5 per cent — 0.73 per cent; 1 per cent — 1.07 per cent. 


behavior. On the unlimed, non-manured area, increasing the potash 
content from 50 to 110 pounds per acre drastically altered the CaO 
and K 2 O contents of the plant. The highest (5.2 per cent) CaO content 
in the foliage from any plot was found in plants from this unlimed area 
which received the 50-pound potash application, and also the lowest 
(2.9 per cent) with the 110-pound potash application, a difference of 
2.3 per cent. Also the greatest change in the potash content (1.4 per 
cent) for the additional potash application was found in the foliage of 
plants from the unlimed, non-manured area. These wide differences 
in composition are not related to differences in growth and conse- 
quently to the total quantity removed; and in addition, neither the 
relationship of high K20~low CaO, nor of low KaO-high CaO are 
associated with high yields. 

On the non-manured, limed soils the CaO content in the plant is 
lowered with the SO-pound-per-acre potash fertilization and increased 
with the llO-pound-per-acre potash fertilization, indicating that lime 
produces a stabilizing effect on CaO absorption. Liming also prevented 
the high potash application from resulting in an excessive accumula- 
tion of potash in the plant. 

The residual effect of manure^ which might be comparable to the 
effect of organic matter, facilitate the accumulation of potash by the 
plant without depressing the CaO accumulation (Table II). Perhaps 
the increase in the organic matter a?ntent from the manure helped to 
maintain the applied potash in a more available form. This agrees with 
Wander rad Gourl^; (8) who iDund that the mulching of tree fruit 
resulted in an in the percentage of pc^sh in the foli^e. 

On the Ttmm of ^ influence of treatment on composition, it would 
appear that & differences resulting from tr^tment are assod- 
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ated with the ability of both lime and manure to partially regulate or 
affect a balance in the absorption of CaO and K 2 O. Lime tends to pre- 
vent the excessive absorption of potash and at the same time stabilizes 
its own absorption. The effect of the residual manure facilitates the 
absorption of potash, while at the same time tends to maintain the CaO 
absorption of the plant. 

A chemical analysis of tomato and spinach plants from the second 
experiment grown in solutions of identical chemical composition (Table 
III) showed that the tomato plant produced the greatest quantity of 

TABLE III — Influence of the Concentration of Calcium and Potas- 
sium IN Solution Cultures on the Composition of Tomato and 
Spinach Plants (Values Are Averages of Four Cultures Each 
Containing Pour Plants) 


Concentration 

(Ppm) 

1 Dry Weight 
(G-ms Per 
Plant) 

K,0 

(Per Cent) 

CaO 

(Per Cent) 

MgO 

(Per Cent) 

Fe 

(Per Cent) 

K»0/CaO 

254Ca— 57K 1 

8.23 

Tomato Foliage 

1 4.05 1 3.54 1 

0.98 

0.012 

1.17 

208Ca- 

-141K 

7.82 

6.36 

3.52 

1.04 

0.013 

2.23 

leOCa— 235K 

11.15 

7.82 

3.48 

1.08 

0.014 

2.23 

1698Ca— 47K 

5.98 

5.31 

5.79 

0.73 

0.012 

0.87 

1648Ca— 141K 

6.36 

7.59 

5.42 

0.89 

0.012 

1.41 

leOOCa— 235K 

5.26 

9.86 

4.71 

0.61 

0.015 

2.10 

254Ca- 

- 47K 1 

1.63 

Spinach Entire Plant 

1 7.55 I 1.89 1 

2.13 

0.211 

4.07 

208Ca--141K 

2,30 

11.32 

1.78 

1.79 

0.166 

6.35 

leoCa— 235K 

2.95 

15.20 

1.36 

1.59 

0.206 

10.82 

1698Ca- 

- 47K 

1,73 

8.04 

4.20 

1.54 

0.197 

1.89 

1648Ca— 141K 1 

2.81 

10.85 

3.16 

1.16 

0.140 

3.30 

leOOCa— 235K | 

3.30 

11,48 

3.81 

1.08 

0.140 

2.93 


dry matter in cultures that were low in calcium, and that the spinach 
plant produced the greatest quantity of dry weight in cultures that were 
high in calcium. However, tomato plants grown in any culture had a 
higher concentration of CaO and a lower concentration of K 2 O, MgO 
and iron than spinach grown in the comparable solution. 

In the (160 Ca-235 K) solutions, tomato plants contained more than 
twice as much CaO as did spinach plants, and spinach plants in turn 
contained approximately twice as much potassium as did tomato 
plants. The reduction in growth of the tomato in the (1600 Ca-23S 
K) solution as compared to that obtained at the other levels of potas- 
sium, may be associated with the low content of MgO found in plants 
that were grown in this solution. Iron content of spinach plants is 
approximately ten times that of tomato plants in this experiment. The 
ratios of K 20 /Ca 0 indicate that increasing the concentration of cal- 
cium in the culture solution had a more marked effect in lowering the 
ratio in spinach than in the tomato. 

The work of Collander (1) in water cultures and of Newton (5) 
in soil showed that different species growing under identical con- 
ditions vaiy widely in their ability to accumulate particular cations. 
This selective ability of different species to absorb cations is apparently 
unrelated to the requirement of spinach and tomato. It is possible that 
this phenomenon in some cases might be the resiiit of an initial dif- 
ficulty experienced by some plants in their native habitats of ap- 
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propriating certain ions due to a low concentration of the particular 
ion in the soil. 

It might be hypothecated that the tomato during its evolution grew 
under conditions in which calcium was difficult and potassium was 
easy to absorb and that consequently those plants of the species sur- 
vived that had a mechanism that allows for excessive calcium absorp- 
tion when the cation was abundantly available and potassium was 
relatively low in the soil. This h3q)othesis would help to explain a lack 
of response of the plant to lime when potassium is somewhat limiting. 
Spinach on the contrary might have evolved on a soil in which potas- 
sium was the more difficult of the two ions to appropriate and conse- 
quently requires a considerable quantity of calcium (lime) to prevent 
or balance its remarkable ability to appropriate potassium. In prac- 
tice, increasing quantities of potash fertilizer become economically 
profitable on tomatoes when the lime content of the soil is increased ; 
while on the other hand, potash responses in spinach are seldom ob- 
served except on well-limed soil of low potash content. 

Conclusions 

(The results indicate that large applications of lime to an acid soil 
(pH 5.3), low in exchangeable potassium and calcium were of no 
benefit to tomatoes. However, if lime was applied in conjunction with 
increased amounts of potassium fertilizers, highly significant increases 
in yield resulte^ The influence of residual manure was found to be 
comparable to^at of potassium fertilizers. The benefit arising from 
the residual manure might be related to its ability to keep potassium 
from being fixed by preventing fluctuations in the soil moisture. 

In comparing the CaO and K^O absorption of spinach and tomato 
plants, the results indicated that spinach differed from the tomato 
in that it was able to absorb larger quantities of potassium from 
solutions with a relatively low concentration of potassium. The pos- 
sibility is suggested that the tomato may be classed as a plant requiring 
a relatively greater potassium concentration in the soil solution in re- 
lation to the calcium concentration than spinach or than other plants 
that have a low calcium content. 
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Transposition of Green and Dry Weights of English Peas^ 

By W. S. Flory, Jr., The Blandy Experimental Farm, 
University of Virginia, Boyce, Va. 

I N a breeding and varietal study with English peas (Pisum sativum ) 
it was often found desirable to know what a certain vine-dry weight 
of peas, saved for seed, would have been if lots had been harvested at 
the prime green-ripe eating stage, and vice-versa. The present study 
had for its objective the estimating of index figures or percentages 
which might be used with approximate accuracy in transposing green- 
ripe and vine-mature picked weights in certain English pea lines. 

Materials and Methods 

Three varieties were used in the field work. These were selections of 
Roger’s Winner (our accession number P 202), of a cold hardy 
Progress type (P 196), and of Creole (P 135). The peas were growm 
together in garden rows at College Station, Texas in May and June 
1942. A similar planting was grown in the same months of 1943 of the 
P 202 line, the 1943 plants being grown from the same seed lot as were 
the 1942 P 202 plants. Three samples of 10 friuts each were picked at 
the green-ripe stage, from plantings of each variety. Weights, to the 
nearest milligram, were secured shortly after harvest for each in- 
dividual fruit, and then after shelling, for the seeds and also for the 
pods, independently, of each fruit. Since the possibility, if not the 
probability, existed that the weights of the green-ripe fruits might 
equal — upon drying — the weights which would have resulted from 
vine maturity of these same fruits, the pods and seeds of each fruit 
harvested at the green eating stage were thoroughly dried. Following 
this the dry weights of seeds and pods were secured, again for each 
fruit. At the time of harvest of the green fruits, every picked fruit of 
each variety was paired with another fruit of the same variety which, 
as accurately as could be approximated, was identical with the original 
fruit in seed number, size and weight. The paired fruits of the second 
lot were each tagged, numbered and left to vine-dry. When these had 
matured, or “vine-dried”, they were removed and weighed as were 
the original lots. 

In Table I are presented the total number of peas per sample, and 
the average per individual pod, for the peas picked in prime green-ripe 
eating condition, and also for the paired pods left to ripen and dry on 
the vine. The paired and similar pods, left on the vines, would pre- 
sumably have had green weights closely approximating those of the 
pods picked in green condition. Likewise, one is apparently justified 
in assuming that the weights of the paired and similar pods left to 
mature on the vine approximate the weights that would have occurred 

^Approved by the Director as Paj^r No. 1235 in the Technical Series of the 
Texas Agricultural Experiment Station. 

Appreciative acknowledgment is^made of the aid of Mr. J. Howard Ellison in 
the securing of the 1942 weights, and of Dr. Boyd Harshbarger for having the 
variance analysis carried out. 
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TABLE I — Number of Seeds in Pods of Paired Fruits by Samples 


Line Number 
and Sample 

Fruits 

Picked Green 

Fruits Paired and Left 
to Vine-Mature 

P 202 



1 

55 

52 

2 

59 

53 

3 

58 

61 

Total 

172 

160 

Average 

5.73 

5.53 

P 196 

64 

66 

2..’..’ . !!!].. 

54 

52 

3 

48 

54 

Total 

166 

172 

Average . 

5.53 

5.73 

P 135 



1 

61 ' 

60 

5 

69 

71 

3 

59 

57 

Total . 

189 

188 

Average 

6.3 

6.27 


under similar conditions for the pods actually picked in the green-ripe 
stage. While some variations in weights would have occurred for the 
tw^o lots of peas, had they been weighed at comparable stages, the likli- 
hood is that such variations would have been slight. Some^ of the dis- 
cussion of results is premised on an assumption of close similarity in 
weights between the two lots at their several stages of maturity. 

Results and Discussion 

Total of weights secured in 1942, to the nearest hundredth of a 
gram, are presented in Table II, where each sample weight represents 
the sum of the weights of the 10 pods in that sample. Total weights for 
the 30 fruits of each variety, as well as the average weights for each 
fruit, are also indicated in this table — for each of the lines used. 
Weights are shown for: (a) green-ripe fruits, (b) for these same 
fruits after drying, and (c) for the paired fruits, following natoal 
vine-maturity or “vine-drying^L It may be noted that the total weights 
of the vine-dried fruits are higher and the seed weights of these are 
considerably higher, than for the green-dried ones. The pod weights 
are less for the vine-dried, than for the green-dried fruits. ^ 

An analysis of variance of the 1942 data involved a consideration of 
the three varieties, of three replications (or samples) and of two treat- 
ments — green-drying and vine-drying. This analysis shows the sus- 
p^ted differences both as between lines and treatments to be signifi- 
cant at the: 1 per cent level The green-dry weights,, therefore, are 
quite different itmi vine-dry weights, and could not be used in ac- 
curately transposing from green-ripe weights to approximate vine- 
mature weights. The lesser loss in weight of seeds and s^ewhat 
greater loss In p^s, of vine-dried as compared with green-dned p^, 
could probdilT be traced to a transfer or tramposition of mater^ls 
ftxan pod (and ^so firoHabfy from vine) to seed in tl^ proc^ m 
In, .the analysis of variance the treatment-line ii^r- 
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TABLE II — Comparison of Green and Dry Weights (in Grams) of 
English Peas 


Line 

Number 

and 

Sample 

Green 

‘ Green- Dried* 

Vine- Dried’ 

ic* 

' Total 

Seeds 

Pod 

Total 

Seeds 

Pod 

Total 

Seeds 

Pod 


Roger's Winner 


P 202 i 
1 • 

24.17 

13.50 

10.63 

5.52 

3.84 

1.68 

7.00 

5.80 

1.20 

2.. 

27.10 

15.00 

12.10 

5.64 

3.68 

1.96 

8.59 

6.86 

1.73 

3 .. 

29.05 

15.45 

13.59 

5.60 

3.80 

1.80 

6.56 

5.24 

1.32 

Total . . 

80.32 

43 95 

36.32 

16.76 

11.32 

5.44 

22.15 

17.90 

4.25 

Average! 

2.68 

1.47 

1.21 

0.56 

0.38 

0.18 

0.74 

0.60 

0.14 


Progress 


P196 

1 .. 

98.78 

39.42 

59.36 

16.08 

8.08 

8.00 

24.48 

18.67 

5.81 

2 ... 

92.76 

43.41 

49.36 

15.74 

8 40 

7.34 

18.54 

13.04 

5.50 

3 .. 

85.16 

33.58 

51.58 

16.89 

9.32 

7.58 

19.03 

13.70 

5.33 

Total . . 

276.70 

116.41 

160.30 

48.71 

25.80 

22.92 

62 05 

45.41 

16.64 

Average! 

9.22 

3.88 

5.34 

1.62 

0.86 

0.76 

2.07 

1.51 

0.56 


Creole 


P 135 
1.... 

28.28 

14 74 

13.54 

5.80 

2.98 

2.82 

9.96 

8.00 

1.96 

2.... 

43.81 

24.36 ! 

19.45 

9.24 

6.22 ! 

3.02 

11.04 

8.56 

2.47 

3... 

36.26 

17.64 

18.62 

7.26 

3.77 i 

3.48 

9.58 

7.36 

2.23 

Total . . 

108.35 

56.74 

51.61 

22.30 

12.97 

9.32 

30.68 

23.92 

6.66 

Average! 

3.61 

1.89 

1.72 

0.74 

0.43 ! 

0.31 

1.02 

0.80 

0.22 


♦These weights were taken on the same pods and seeds as were those in the three preceding 
columns, but were secured after the green pods and seeds had been thoroughly dried. 

♦♦These weights were secured from fruits matched, as nearly as possible, for size and seed num- 
ber with the fruits whose weights are recorded in the preceding columns. The fruits weighed here 
were left on the vines until thoroughly mature and dry. 

tThese average weights are for individual fruits, pods, or the seeds from individual pods, as the 
case may be. Since each sample was composed of ten fruits, these average weights are based on 
thirty fruits in each case. 

action was not significant in the case of total freights of fruits, nor in 
the case of seeds alone. In the case of pods alone, however, this inter- 
action was significant at the 1 per cent level, which indicates that 
when the lines do not act comparably with respect to fruit weight fol- 
lowing the two methods of drying, this difference in response is due 
chiefly to differences in pod behaviour in the several lines. 

In Table III the per cents of total weight represented by both seeds 
and pods are shown for each variety when the fruits are in green-ripe 
condition, in green-dried form and also when in vine-dried maturity. 
In the Progress (P 196) line the seeds represent a somewhat smaller 
proportion of the total weight in each case, than is true for the other 


TABLE III — Per Cents of Total Fruit Weight Represented by Seeds 
AND BY Pods (Based on Three Samples of Ten Fruits Each) 


Line 

Green 

Green- Dried 

Vine- Dried 


Seeds 

Pods 

Seeds 

Pods 

Seeds 

Pods 

P202 

54.7 

45.3 

67.5 

32.5 

80.8 

19.2 

P 196 

42.1 

57,9 

53.0 

47.0 


26.8 

P 135 

53.2 

46.8 

58.4 

41.6 


21.7 

All three lines 

46.7 

53.3 

57.1 

42.9 


24.0 
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two varieties. In general, however, there is considerable consistency 
with respect to the three varieties for any given stage of maturity. 
The average per cents of weight of seed and pod have been determined 
for the three varieties combined, and these figures are presented in the 
bottom line of the table. From these percentages it may be seen that, 
considering the three varieties together, in green-ripe peas the weights 
of seeds and of pods are roughly equal (about 50; SO, or 1 : 1) ; in 
green-dried peas weights of seeds make up, roughly, three-fifths of the 
total weight (60: 40, or 3:2) ; and in vine-dried peas seeds comprise 
about three-fourths, and pods only one-fourth of the total weight 
(75:25 or 3:1). ^ 

Table IV presents data for each of the varieties with respect to loss 
in weight, and the per cent loss in weight, both from the drying of 
fruits picked in the green-ripe stage and following vine-maturity of 
the paired fruits. Data is presented both with respect to weight, and 


TABLE IV — ^Weight, Loss in Weight and Per Cent Loss in Weight 
Following Artificial and Natural Drying (Based on Three Samples 
OF Ten Fruits Each) 


Weight 

(Grams) 

L.OSS in Weight 
(Grams) 

Per Cent Loss 
in Weight 

Green 

Green- 

Dried 

Vine- 

Dried 

Green- 

Dried 

Vine- 

Dried 

Green- 

Dned 

Vine- 

Dried 


P202... 
P 196 . . 
P 133... 

Total. 


80.32 

276.70 

108.35 

465.37 


Total — Fruits 


16.76 

22.15 

63.56 

58.17 

79.16 * 

72.43 

48.71 

62.05 

227.90 j 

214.65 

82.40 1 

77.58 

22.30 

30.58 

86.05 

77.77 

79.42 

71.78 



377,60 

350.59 

8L17 1 

76.33 


P 202 

P 196 

P 135 

Total- . . . 


36.32 

160.30 

61.61 

248.23 


Pods 


5.44 

4.25 

30.88 

32.07 

i 85.Ce 1 

1 88.30 

22.92 

16.64 

137.38 

143.66 


89.62 

9.32 

6.66 

42.29 

44.95 

81,94 j 

87.10 



210.55 

220.68 

84.82 i 



Seeds 


P 202 

43.95 

11.32 

17.90 

32.63 

1 28.05 1 

74.22 

i 59.27 

P 196 

116.41 

25.80 

46.41 

90.61 


77.84 

60.99 

P 135 

56.74 

12.97 

23.92 

43.77 

S2;«Z 

77*14 - , 

1 .SHJ 8 A 

Total 

217.10 



167,01 

129.87 

76.93 

1 59.82 


loss of weight, for fruits and for seeds alone and for pods alone. The 
per cents of loss were quite dose for the three varieties, for a given 
method of drying, but were slightly greater in each case for Progress, 
which always had. larger and more succulent pods than either of the 
other two varieties. The aver^es in the table may be rot^hly rounded, 
and the per cents of w^ht losses following green-dr 3 dng and vine- 
diying, respectively, are abotrt as follows: fruits — 80 airf 75 ; seeds 
^ 75 and 60; and pods — 85 and 90. These figures agaun indicate the 
grealw lo^ in wdght of pods fdiowii^ vine-diiyii^, white total weight 
loss is ^eat^ following green-drying and se^ we%ht loss is ©onr 
siderably greater after green-dtyit^. Stme of this difference in total 
loss may teve been due to errors in pod {firing, but the majcnity cS. 
it prohaHy refiiesents an actual difference in weight loss. 
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In 1943 the experiment was repeated with Roger ’s Winner (P 202) 
but not with the other varieties. Sample size, pairing of pods left to 
vine mature, weighings, and drying all corresponded with the 1942 
procedure. The results are presented in Table V and when compared 
with the data for P 202 in Table II the 1942 and 1943 weights are 
found to be quite similar. 


TABLE V — Comparison of Green and Dry Weights (in Grams) of 
Roger’s Winner (P 202 ) English Peas — 1943 (Each Sample Based on 
Ten Fruits) 


Green 

Green-Dried 

Vine-Dried 

Total 

Seeds 

Pod 

Total 

Seeds 

Pod 

Total 

Seeds 

Pod 

29.36 

15.94 

13.42 

5.90 

4.00 

1.90 

8.88 

7.03 

1.85 

26.39 

14.70 

1189 

5.45 

3 57 

1.88 

7.45 

5.66 

1.79 

28.62 

15.48 

13.14 

5.35 

3.62 

1.73 

8.44 

6.38 

2.06 

84.57* 

46.12 

38.45 

16.70 

11.19 

5.51 

24.77 

19.07 

5.70 ' 

2.82**l 

1.54 i 

1.28 

0.56 

0.37 

0.18 

0.83 

0.64 

0.19 


♦Total weights for all three samples presented in this line. 
♦♦Average weights per fruit given in this line. 


Other data, not presented here, have shown that both weight losses 
by vine maturity, and also respective weights of pods and seeds, are 
quite different for peas grown in the greenhouse, than for field grown 
ones. 

Summary and Conclusion 

The finding of most importance from the standpoint of the original 
objective concerns proportional weight loss between the prime green- 
ripe and the vine-mature stages. For the varieties worked with and 
the field conditions under which they were grown, the weight lost by 
green fruits on vine-drying was rather uniform between lines, as well 
as between samples within the same line. In the case of Roger’s 
Winner, the only line on which this experiment was carried out in the 
field for 2 years, the weight losses were quite comparable between 
years. In the experiment with these three varieties it was found that 
field grown peas, matured on the vine for seed, had about one-fourth 
of the total green-ripe fruit weight, while vine-dried seeds had about 
two-fifths, and pods only about one-tenth of the respective green-ripe 
weights. Closer approximation could be made of course by applying 
individual line data. Proportional weight losses will likely need to be 
determined by additional sampling for lines and environments which 
exhibit appreciable variation from those involved in this experiment. 
Exactness of the data required will be a determining factor here. 

The general method would seem adaptive for use with several crops, 
specially with those usually harvested for use in a green-ripe condi- 
tion, such as green beans, lima beans or sweet corn. The simple pro- 
cedure may be used in securing approximate data which it is sometimes 
desirable to have but is often unavailable. 



Tissue Analysis in Diagnosis of Nutritional Troubles^ 

By E. M. Emmert, University of Kentucky, Lexington, Ky, 
Work Before 1940 

T he idea of analyzing the plant is old and dates back to DeSaiissure 
and Leibig, but the idea of testing the conducting tissues of the 
j^lant was first used in a non-quantitative way by Hoffer in 1926 when 
he tested corn for nitrates by diphenylamine. Some of the first quantita- 
tive tests were made in our greenhouses and laboratory head house at 
Lexington, Kentucky in 1930 when we used the phenoldisulfonic acid 
method for nitrates in tissues and animonaphtholsulfonic acid for phos- 
phates. In 1939, Thornton enlarged on Dr. Hoffer’s ideas and devel- 
oped what is known as the Purdue quick tests. These tests were still 
only semi-quantitative, expressing results as low, medium and high. 
They have been improved since then but we will not take up de- 
tails on methods here. 

In 1934, the Kentucky Experiment Station published Circular 43 
which described tissue tests which enabled the expressing of results 
as parts per million of green tissue, but which were quite rapid and 
could be performed in the field. 

In 1938, Carolus published the Virginia Truck Crop Station Bul- 
letin 98. This gave a full description of methods used in Virginia on 
truck crops ; these were adaptations of the quantitative meth^s used 
in Kentucky and the soil tests of Morgan. 

Carolus shows outstanding correlation between the tissue tests and 
the application of fertilizer. Yields are also highly correlated with tis- 
sue test results. His results show that tissue tests magnify deficiencies 
and make them easily detectable. Even rather small deficiencies can be 
detected without the use of a colorimeter. Carolus gives the parts per 
million of nutrients in normal vegetable crops during rapid growth, 
but does not show the critical levels needed at the various stages of 
growth. 

He finds the range of soluble nitrogen for potatoes to be 972 to 2000 
ppm, and for tomatoes to be 905 to 1540 ppm. 

Total Analyses 

So far, we have been talking of analysis of the stem tissues of the 
plant for nutrients in the soluble form only. For many years total 
analyses of the plant have been made mostly with the purpose of de- 
termining the nutritional value for humans and for stock. However, 
some investigators are using total analyses as an indicator of what the 
plant is getting from the soil. 

These analyses necessarily are a summation of nutrients alresdy 
used in the anabolic process to make plant tissue and. of nutrients 
solution coming from the soil Environment influences the metafeplic 
processes and are reflected in these an^yses. Of course^ enviitwnent 

^Presented at the romid table discussion on nutritkrol tronWes at Ouciiimti, 
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influences soluble nutrients in the tissues at the time of the analyses, 
but total analyses are a summation of the effects of environment 
throughout the life of the plant. It seems that analysis for soluble nu- 
trients are much more directly tied up with the amount the plant can 
actually get from the soil. 

Perhaps the outstanding workers in this field are Thomas and Mack 
who have advocated the Foliar Diagnosis system. 

Nutrient intensity = sum of the percentages of N, K 2 O and PgOn 

Nutrient quality = the percentage the N, KoO and P 2 O 5 is of the 
total milliequivalents of nutrients 

The range of variations in total percentages is small compared to 
the ranges of soluble nutrients found in petioles. 

The long procedures used to find these small variations do not lend 
to practical applications as do the more rapid tests on the petioles of 
plants. Furthermore, the analysis of the flow of nutrients through the 
main stems and petioles is a more direct indicator of the ability of the 
soil to furnish the needed nutrients. 

Nevertheless valuable results have been worked out by investigators 
using total analyses and they should be used to aid the more versatile 
petiole methods used in practical applications. 

It seems that total analyses may be of particular value in the diag- 
nosis of perennial plants, especially trees, while tissue analysis for 
soluble nutrients is of especial value for annual plants. 

In making the tests it seems best not to go to either extreme as to 
methods used. The use of semi-quick tests which enable relatively ac- 
curate analyses expressed as parts per million seem better than either 
the rapid qualitative tests or the long total analyses ; that is, as far as 
vegetables are concerned. Vegetables have relatively narrow ranges of 
nutrients at the various growth stages at which they do best and 
methods should be used which will detect these critical ranges quite 
accurately, but rapidly enough to enable sufficient data to be collected. 

Work After 1940 

IP4J: — In 1941, Ulrich, working in the sugar beet fields of Cali- 
fornia, used the quick dephenylamine test on the petioles of beet leaves. 
He found he could tell when plenty of nitrogen was present and when 
it was deficient. 

When the tests showed : 

1 . Nitrate in large and small center leaves the supply was adequate. 

2 . Nitrate in large leaves only ; barely adequate. 

3. None in either; a serious deficiency existed. 

4. In small center leaves only ; a new supply was being absorbed. 

In 1941 and 1942, Carolus and Wolz using the semi-quick quantita- 
tive tests found that sidedressing P increased P in potato petioles more 
than plowing it down or surface drilling. High nitrogen increased P 
absorption but lowered yields despite high soluble N content. This was 
during a period of drouth and likely would not have happened with 
plenty of moisture. 

Green manure plus fertilizer slightly increased yields and nutrient 
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content.^ Their results show that high nitrogen just before bloom re- 
duced yields of potatoes. 

In 1941, the California Cotton Experiment Station, cooperating with 
Dr. Ulrich used the semi-quick quantitative methods on potatoes and 
found 3 to 4 weeks after emergence that below 800 ppm caused yields 
of 140 sacks (100 pounds) per acre while over 1000 ppm gave yields 
of over 300 sacks per acre. 

1942 : — Lorenz working with potatoes at the same station added 
ammonium sulfate at the rate of 250, 500, 750, and 1000 pounds per 
acre. 


Lbs.N 

Ppm N 

Yield Saek 

0 

324 

233 

250 

849 

382 

500 

1296 

412 

750 

1301 

425 

1000 

1404 

382 


He also tested Uranion against (NH 4 ) 2 S 04 and found by the tissue 
tests that (NH 4 ) 2 S 04 gave 1132 ppm against 1107 ppm for Uranion. 
The yield for sulfate was 393 sacks while Uramon gave 363 sacks. 

Head Lettuce 

Lorenz also used tissue tests on head lettuce. He found that the 
critical period was just before heading. The critical level seemed to 
be 400 ppm for nitrate and 75 to 100 ppm for phosphate. K was always 
in excess. 

Later N applications did not increase yield much but was valuable 
in producing dark, green heads. 

In another test on lettuce in the Salinas Valley of California, ferti- 
lizer increased nitrogen in the tissues but did not increase P or K, 
Lorenz had five times as much P and eight times as much K as Carolus 
had in lettuce grown in Virginia. This explains why he did not get 
much increase in P and K in the tissues nor increases in yield. 

Potatoes 

In a test in Kern County Lorenz made some tissue tests at two 
stages of growth. The nutrients did not go over 1223 ppm in the early 
stages, so the highest yield occurred here, although a high yield 
also obtained at 984 ppm. Where the nitrogen went below ppm in 
the late stages the yields were much lower. This indicates that main- 
taining nitrogen in the late stages is important. 

Grapes 

While we are not dealing with fruits it is interesting to note that 
Ulrich found recently matured leaf petioles of grapes were the best 
indicators of nitrogen nutrition and also that nitrate nitrogen was bet- 
ter than total nitrogen. 

1943 : — ^In this year. Dr. Ulrich published a paper entitled *^Plant 
Analysis as a diagnostic Procedure”. Here, he introduces the concept 
of critical concentrations. 
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These concentrations are found in three ways : 

1. By analysis of fertilized and unfertilized crops in the field and 
correlating with yields over many locations. 

2. By varying amounts of nutrients and measuring yields in pots or 
solution cultures. 

3. By analyzing plants showing visible deficiencies. 

By these methods the critical concentrations for each nutrient and 
each crop may be established. He shows that the critical concentration 
of K is not varied much by time or other nutrients. He does not show 
so much constancy for N and P, and it is likely they will not be as 
constant as K. I will show later that the critical concentrations will 
also vary with the stage of growth. 

The final conclusion of Dr. Ulrich is that analysis of the plant in 
conjunction with a comparison to the critical nutrient range, permits 
conclusions regarding the nutrient level in the soil, better than analysis 
of the soil itself. 

Shear working with tobacco at Blacksburg, Virginia, used tissue 
tests for four years in comparison with soil tests and came to the con- 
clusion that tissue tests were better than soils tests in determining 
availability to tobacco. 

Carolus and Wolz used starter solutions on tomatoes and got no in- 
creases. Tissue tests showed no increases in nutrients and explained 
why no response was obtained. 

Scarseth has made extensive use of the quick Purdue tests on corn. 
His tests are semi-quantitative without crushing, emulsifying or ex- 
tracting. He found that tissue tests take the guess work out of ferilizer 
research since just applying fertilizer may not raise levels in the plant. 
In one case, plowed under P raised the level while drilled P did not, due 
to drouth. He finds that tissue tests show need long before visual de- 
ficiencies appear. 

1944 : — Lorenz again working with tissue tests on potatoes found 
good correlation between application and the levels in the plant. He is 
quite definite in stating that less than 800 ppm of nitrogen, 1 month 
after emergence depresses yields, 

1945 : — In fertilizer studies on potatoes at Ithaca, Smith and Kelly 
ran tissue tests in connection with placement tests. The correlation 
of N content of petioles and yields was highly significant. 

1200 pounds 5-10-10 gave 650 ppm, 291 bushels 

2400 pounds 5-10-10 gave 936 ppm, 343 bushels 

In all cases one-half of the fertilizer in bands and one-half broadcast 
gave the highest nitrogen in the petioles and the highest yields. P and 
K, were high in the tissues at all times and gave no yield differences. 
Magnesium, however, was limiting and tissue tests for Mg correlated 
with yields quite well. 

1946 ; — ^Ulrich did some further work on beets. He determined 
critical levels for beets on a dry weight basis. These tests on the dry 
weight basis are long and not as suitable for actual practical appli- 
cation as are tests on the green weight basis. 

Hester working with tomatoes at the Campbell Soup Company, at 
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Riverton, New Jersey, uses tissue tests in connection with soil tests. 
He used a sodium acetate extracting solution in a Waring blender. 

Uses Brucine, on extract for nitrate - N 

Finds : 25 to 50 ppm poor (not as high as phenoldisulfonic method 
100 to 200 ppm fair 800 poor 

300 to SOO ppm good 1000 ppm good) 

600 to 800 ppm too high 

Uses stannous oxalate for P 
4 to 20 ppm poor 

40 to 80 ppm fair same as aminonaphtholsulfonic acid 
120 to 200 ppm good 
300 to 400 ppm high 

Uses turbidity test for K 
470 to 990 poor 

2600 fair same as ccbaltinitrite phenoldisulfonic 

4400 good colorimetric method 

6000 high 

At an Extension conference at Berkeley, California, Lorenz re- 

ports the critical nitrate nitrogen level for potatoes as 800 ppm, S weeks 
after emergence in leaf petioles of the third youngest leaves ; 30 ppm 
was the critical level for P in potatoes ; 200 ppm was the critical nitrate 
level for lettuce and celery. In summary, he states that plant tissue 
tests have been found very reliable and valuable as an aid in the inter- 
pretation of fertilizer experiments. 

Review of Work on Determining Curves of Critical Need 

It seems one critical level is not enough, but that requirements vary 
considerably at various stages of growth. Studies were made at the 
Lexington main station and at the Princeton substation at different 
stages of growth as to which levels of N, P, and K produced the highest 
yields, and curves of critical need vrere plotted. When the curve of 
critical need has been determined then tissue tests can be used to de- 
termine whether the levels at any growth stage are above or below the 
critical levels. 

However, the critical level for a particular crop at a particular stage 
of growth is dependent on several factors and may be expressed as 
follows : 

Critical level = function of soil texture, soil moisture, other nutri- 
ents, humidity, temperature cultural practices, length of day, liglit in- 
tensity, variety, and other minor factors. 

The curves that have been made have been made for a standard 
variety during average weather conditions existing at the normal 
season in May, June and July, with effort made to have no deficiendes 
other than of the nutrients being studied and with no adverse soil tex- 
ture conditions. Standard cultural practices were used. No data were 
used if serious drouth occurred* 

If conditions are markedly different from the normal then the level 
of critical need varies considerably from the one determined. However, 
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NJTROOEN AND PHOSPHORUS BALANCE CURVES OF CRmCAL NEED, 

BASED ON TISSUE-TESTS MADE ON 10 TOMATO CROPS GROWN AT KY AGR. EXP STA (IS34-IS40) 



Fig. L The curve of critical need of tomatoes for nitrogen and phosphorus 
at the various stages of growth, 

NrmOGEH AHO POTASSIUM CURVES OF CRITICAL NEEDS (FOR POTATOES) 



Fig. 2. The curve of critical need of potatoes for nitrogen and potassium 
at the various stages of growth. 
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it is usually apparent which way the level will vary, and it is not hard to 
approximate the variations in level, which the variations from the nor- 
mal will make. 

Two curves of critical need have been determined. The data for the 
one on tomatoes has been published in Bulletin 430, of the Kentucky 
Agricultural Experiment Station, in 1942. These are the results from 
six seasons and 10 crops of tomatoes. 

The data for potatoes is just off the press as Kentucky Bulletin No. 
529. These two curves are shown in the graphs, Fig. 1 being for 
tomatoes, Fig. 2 for potatoes. 

After this review had been prepared the author received a copy of 
“Plant Analysis-Methods and Interpretation of Results**, which was 
prepared by Dr. Ulrich as a chapter for the American Potash Institute's 
new book called “Diagnostic Techniques”. In this book Dr. Ulrich 
gives a comprehensive bibliography and an even more comprehensive 
discussion of methods and interpretations. Anyone interested in plant 
analysis should read this chapter when it becomes available from The 
American Potash Institute, 1155 Sixteenth Street, N. W., Washing- 
ton 6, D. C. 
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EfiEect of Irrigation on the Production of Carrot Seed 

By John H. MacGillivray and L. J. Clemente, University oj 
California, Davis, Calif. 

T he following study was made as the result of a widespread interest 
in vegetable seed production in the years 1942 to 1945. Production 
studies of several crops were undertaken, with irrigation one of the 
factors studied in California. The effect of irrigation on onion seed pro- 
duction (5) has already been reported. The reader is referred to the 
onion paper for complete details of an experimental procedure similar 
to that used in the carrot seed project. 

An examination of the literature on carrot seed production disclosed 
several studies on general production practices, but none on the effect 
of irrigation on seed production. Borthwick (1) made an extensive 
study of carrot seed in relation to germination. He found that the first 
or primary umbel on the plant produced the highest germinating seed. 
He pointed out that since there were few primary umbels they did not 
contribute much to the total weight of seed per plant. Borthwick also 
pointed out that immature embryos were a cause of low germination, 
although many of these seed would germinate if they remained in the 
germinator for several months. Ellis (2) found that carrots wdth a low 
soluble solids content survived better in a field planting than those with 
high soluble solids. Enzie (3), Woodbury (7), and Watkins (6) 
studied some of the cultural operations of their regions in producing 
carrot seed. Knight and Blodgett (4) give the various diseases which 
attack the carrot seed root and offer their recommendations for control. 
Woodbury and Schultz (8) were able to produce several plants from 
one root, and suggested the usefulness of this method in a breeding pro- 
gram. 

Methods 

Roots of the Imperator variety were obtained from seed companies 
for planting. These roots were not less than inch and not more than 
lj4 inches in diameter at the crown. Roots were planted at the same 
time as in surrounding commercial fields. The plantings occurred as 
follows: February 19, 1945, December 19, 1945, and January 11, 1947. 
Single roots were spaced 30 inches apart each way. There were 96 
roots per plot or an area of V 72 acre. Three treatments of four repli- 
cations each were used. The treatments were as follows : A-plots re- 
ceived no irrigation water — ^the only water available was winter rain 
stored in the soil ; B-plots received an ample amount of irri^tion water ; 
and C-plots receivea about half the water that was applied to the B 
treatment. At the time these roots were planted, the soil was moist from 
winter rains. During these years the July 1 to June 30 rmnfall was : 
1944- 4 5, a total of 15.4 inches; 1945^^, a total of 15.4 inches; and 
1946-47, a total of 12.6 in<^es. Most of the rain falls during the winter 
months of November to and including March, There is little rain dur- 
ing May and the subsequent months. The crop was grown with the 
usual c^tural practices. Soil samples were obtained before and after 
the imgarions lor SoM moisture deferminations. Irrigations were started 
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in April on the B treatment and were made about every 3 or 4 weeks. 
The soil type was a Yolo loam which has been previously described in 
California publications. 

The umbels were harvested when they had turned brown. The pri- 
mary or first umbel matured sooner than those opening later. Umbels 
from the guard rows were harvested first, then discarded. The umbels 
on the plots were cut with hand shears and placed on wire screens for 
drying. The plots were harvested on the following dates: August 10, 
1945 ; July S, 1946, and August IS, 1947. The dried umbels were rolled 
to break them and shatter the seed. The seed and refuse were put 
through a j4-inch screen to clean out some of the thrash. The seed was 
run through a seed scarifier to brush off the small hair-like spikes on the 
seed surfaces. This process was followed by running the seed through 
a clipper machine to clean out the light seed, hair-like spikes, and dust. 
The seed was then run over a gravity table to remove more of the light 
seed. 

Results 

Yield data were obtained for 3 years. The nonirrigated treatment 
(A) always produced the smallest amount of seed, and in 2 years this 
reduction was significantly less. The yields in the last 2 years were 
well above the average yields of commercial fields, which were usually 
about 500 pounds per acre. The low yield in 1945 has been attributed 
to several factors, probably the most important being late planting of 
the roots and excessive cleaning of the seed through inexperience. 
Proper procedures for threshing small samples were more satisfactorily 
worked out for the last two years. 

The slightly heavier 1947 yield might have been due to heavier rain- 
fall in the late spring of 1947, even though the seasonal total was low. 
In other irrigation experiments the nonirrigated plots have tended to 
mature sooner, particularly if the crop was a vegetative part of the 
plant. Carrot seed (non irrigated) tended slightly toward earliness in 
the 1945 and 1946 crops. This statement is based on observation. On 
June 13, 1947 the number of center umbels which had turned brown 
were counted. These percentages were: A-treatment, 26.3; B-treat- 
ment, 12.9; and C-treatment, 17.4. 

Carrot seed roots removed soil moisture from the 5- to 6-foot soil 
zone in 1947. In earlier tests samples were not taken below the 4-foot 
zone. Both onion and carrot seed crops root considerably deeper than 
onion and carrot crops grown for food or the fresh market. 

Data concerning the effect of irrigation on size of seed were erratic. 
Perhaps the procedures used in the last two years were more accurately 
developed. In these years the wet treatment produced the largest seed, 
although the differences were not significant. These results were some- 
what similar to those obtained for onion seed (5). 

Germination of carrot seed is an important problem of the seed trade 
since some seed lots are low in germination. The relation of immature 
embryos to this problem has been previously considered (1). When 
the germination of these seed lots were obtained a few months after 
harvest, there were no significant differences in germination. How:ever, 
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Fig. 1. Considerably i»ore ^lant (B trcateient^ 12 a! water) 

was by tbe irrigate<i |to*ts compared wxfli die nonirr^atcd plots 
(A treatment)# 1946^. 
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TABLE I — ^Effect of Irrigation on Yield, Germination, and 
Size of Carrot Seed 


Treatment 

Inches 
of Water 
Applied 

Number 
of Irriga- 
tions 

Pounds 

; of Seed 

Per Cent 
Germina- 
tion 

Per Cent 
Germina- 
tion After 
Storage* 

Weight 

Per 

100 Seed 
(Grams) 

Per Plot 

Per Acre 

A — dry .... 
B — wet . . . 

C — medium 

Least significa 

00 

15.0 

6.0 

nt difference 

Seed C 

0 

5 

2 

, odds 19 to! 

:rop 1045—1 

1.19 

1.89. 

1.23 

^our Replica, 

139 

221 

144 

lions 

73.8 

65.8 

69.8 

72.1 

58.7 

64.4 

0.1516 

0.1371 

0.1479 

0.31 

— 

N.S. ! 

6.58 

0.0072 


Seed Cro^ 1046 — Four Replications 


A — dry 

0.0 

0 

5.18 

565 

67.8 

55.0 

0.1224 

B — ^wet 

12.0 

4 

8.04 

843 

64.5 

49.3 

0.1304 

C — medium 

6.0 

2 

7.26 

791 

64.4 

51.2 

0.1244 

Least significa 

nt difference 

, odds 19 to 1 

1.49 

— 

N.S, i 

N.S. 

N.S. 


Seed Crop IQ47 — Four Replications 


A — dry 

0.0 

0 1 

7.73 

958 

62.7 

71.7 

0.1396 

B — ^wet 

15.0 

5 1 

8.69 

1,077 

58.3 

60.1 

0.1430 

C — medium 

6.0 

2 

8.18 

1,014 

62.5 

61.4 

0.1367 

Least significa 

nt difference 

, odds 19 toll 

N.S. 

— 

N.S. 

N.S. 

N.S. 


♦Storage period « 2 years for 1945 and 1946, 1 year for 1947. 


in all 3 years the dry treatment (A) produced seed of the highest per- 
centage of germination, and the wet treatment (B) usually produced 
the lowest. The seed was stored at ordinary room temperatures with 
little artificial heat in winter. The seed crops of 1945 and 1946 were 
stored for 2 years before retesting, and the 1947 crop only 1 year. There 
was a tendency for stored seed to decrease in germination — and this 
was particularly noticeable in the 1946 seed — ^although in the 1947 seed, 
one year's storage caused a slight increase in germination. Even after 
storage, there is a slightly greater germination of the nonirrigated seed. 

Summary 

Irrigation increased the yield of carrot seed grown under climatic 
conditions at Davis, California. Where sufficient winter rains fill a soil 
to field capacity to a depth of 6 feet, additional irrigation water of about 
8 to 12 inches should be adequate in areas similar to Davis, California. 
The effect of irrigation on seed germination and size of seed was of 
minor importance. 
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The Effect of Winter Storage on the Carotene 
Content of Carrot Varieties 

By G. B. Brown, Cheyenne Horticultural Field Station, 
Cheyenne, PFyo, 

T he carrot, like the potato, can be stored easily for use as a fresh 
vegetable during winter and spring. Farm and ranch dwellers in 
the northern areas of the United States harvest carrots in the fall and 
store them in root cellars for use from November until May or June. 
The present series of studies was undertaken to determine some of the 
factors, including variety differences, that affect the quality of carrots 
stored for home consumption. 

Investigation in 1946 yielded data showing that the carotene content 
of carrots on a dry-weight basis increased for the first 30 days in winter 
storage and remained fairly constant thereafter up to 60 days. Litera- 
ture was reviewed and the results reported (2). 

The study reported here was made to determine the effect of storage 
for a longer time on the carotene content of carrot varieties. 

Methods and Materials 

The nine groups of carrots, as classified by Babb, Kraus, and Ma- 
gruder (1) were represented by the following varieties: group 1, 
French Forcing; group 2, Dutch Horn; group 3, Oxheart; group 4, 
Chantenay ; group 5, Danvers ; group 6, Imperator ; group 7, Hender- 
son Intermediate ; group 8, Long Orange ; and group 9, Gurney Core- 
less (Nantes). These varieties were planted in randomized blocks on 
June 25, 1947. There were four replicate plots of each variety, making 
a total of 36 plots. 

The roots were harvested October 27, and 12 roots from each plot 
were analyzed to determine the carotene content. The remaining roots 
were placed in wooden tubs, covered with air-dry sand, and placed in 
common storage in an underground root cellar. Roots from each plot 
were in separate tubs, and the tubs were randomized in the same rel- 
ative position in the root cellar as were the plots in the field. 

The temperature of the root cellar was 40 degrees F when the car- 
rots were placed in storage, and dropped to 32 degrees F about Febru- 
ary 9. By April 19, the temperature had risen to 40 degrees, and by 
May 24 to 44 degrees. The relative humidity was kept above 85 per cent 
by sprinkling the dirt floor twice a week. 

Carotene analyses were made on roots taken from each tub at six 
dates approximately 5 weeks apart as follows : December 1, 1947 ; Janu- 
ary 5, 1948 ; February 9; March 15 ; April 19 ; and May 24. The roots 
remained firm all during the test, and many had started growth by 
May 24. 

Methods of sampling and analysis were the same as described in the 
previous paper (2). All figures for carotene content are reported on a 
dry-weight basis and were compared by analysis of variance. 
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Results and Discussion 

Table I shows the averages for four replications of each variety at 
each date of analysis in addition to the mean for each variety and the 
mean for each storage period. Differences required for significance be- 
tween means as determined by Fisher’s ‘‘t” test are also shown. 


TABLE I — Carotene in Nine Carrot Varieties During Storage 
(Mg/ 100 Grams Dry-Weight) 


Storage Period (Weeks) 

0 

5 

10 

15 

20 

25 

30 

Variety 

Means 

Variety 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Dutch. Horn 

French Forcing 

Chantenay 

Imperator 

Gurney Coreless (Nantes) . . . 

Danvers 

Oxheart 

Henderson Intermediate . . 

Long Orange 

Means for storage period 

Difference required for significar 

Difference required for significan 

89.33* 

76.72 

65.32 

58.57 

62.55 

64.20 

50.03 

49.01 

45.10 

62.31 

ice betv 

,ce betvi 

94.68 

98,10 

79.23 

76.26 

75.42 

77.62 

65,82 

62.85 

48.15 

75.35 

?een vai 

reen per 

106.69 
104.64 
87.92 
84.46 
81.87 
75.74 
66.78 
72,72 
64.42 
82.80 
iety mes 

iod mear 

98.29 

97.06 

80.66 

91.15 

70.39 

78.62 

63.28 

61.08 

50.80 

76.81 
ins 1 p< 

6p< 
IS 1 p< 
5 IX 

112.46 
107.99 
95.22 
87.65 
81.95 
82.90 
83.70 
74.77 
70.15 
88.53 
sr cent. . 
ir cent . . 
ir cent. . 
ir cent . 

112.62 

104.88 

87.62 

88.25 
93.37 
86.49 1 

87.26 
76.05 
62.15 
88.74 

113.31 
96.15 
102.87 
86 64 
96.93 
86.90 
91.31 
72.51 
70.92 
90.95 

104.20 

97.79 

85.55 

81.85 

80.35 

78.92 

72.60 

67.00 

58.81 

7.15 

5,42 

6.30 

4.78 


♦Bach, figure is an average of four replications. 


Statistically significant differences were found between varieties, be- 
tween storage periods, and between replications. The interactions vari- 
eties by replications and storage periods by replications were al^ sig- 
nificant. The interaction varieties by storage periods was not significant 
at the 5 per cent point. 

The statistically significant differences between variety means indi- 
cate that the varieties studied differ genetically in their carotene con- 
tent. This was noted by Platenius (3) in 1934. 

Dutch Horn and French Forcing were significantly higher in caro- 
tene than the other seven varieties. Qiantenay, Imperator, Nantes, and 
Danvers were not different from each other and were signific^tly lower 
than French Forcing and Dutch Horn. Oxheart was lower in carotene 
than Danvers and statistically the same as Henderson Intermediate. 
Long Orange was the lowest. 

These figures for carotene content are higher than the previous year 
(2) but the differences among varieties are relatively the same. That 
is, French Forcing and Dutch Horn are highest, Long Orange the 
lowest, and the other varieties are between these in the same positions 
as previously reported (2). 

While Dutch Horn was used this year and Scarlet Horn used in the 
previous test (2), the carotene content of these two varieties from the 
same group is higher than most other varieties. The Nantes used previ- 
ously (2) is in the same group as the Gurney Coreless used in this test, 
and the carotene content is rdatively the same. 

The statistically significant differences between means for storage 
periods were caused by an increase in carotene coritent per 100 gram 
dry-weight during storage. Except for minor drops in carotene contapt 
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of some varieties at IS weeks, the carotene content on dry- weight basis 
increased during the first 20 weeks of storage and then remained fairly 
constant until the experiment was terminated at 30 weeks. 

The nonsignificant interaction varieties by storage periods indicates 
that all varieties responded alike during storage ; the carotene content 
of all varieties increased. These results confirm and extend those re- 
ported earlier (2). The varieties representing each group remain in 
the same relative position as to carotene content during growth and 
during storage. 

The data presented here are not entirely in agreement with data pre- 
sented in a previous paper (2) in which it was shown that carotene 
increased for the first 30 days of storage and then remained fairly con- 
stant. However, as is seen in Table I, the carotene content can fluctuate 
considerably between short storage periods, but over a long storage 
period can still show a tendency to increase. 

In addition to the major effects discussed above, unknown environ- 
mental factors affected the carotene content of the fresh and stored car- 
rots causing statistically significant variation among replications and 
in the interactions varieties by replications and storage periods by repli- 
cations. Such variation would be expected if carotene content were af- 
fected by local conditions within the field, such as soil moisture, fertil- 
ity, and crowding, and by local conditions within the tubs, such as 
aeration and moisture. The scant literature on environmental effects 
was noted in an earlier paper (2). 

Summary 

Dutch Horn and French Forcing varieties were significantly higher 
in carotene than the seven other varieties tested. In storage the vari- 
eties showed a general tendency to increase in carotene content per 
100 gram dry- weight up to 20 weeks, then remained fairly constant to 
30 weeks, although at IS weeks the carotene content dropped to the 5- 
week level, then regained the loss at 20 weeks. 
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Changes in Carotenoid Content of Harvested Carrots 

By G. L. Rygg, [/. S, Department oj Agriculture, Pomona, Calif, 

S INCE the carrot is one of the important sources of carotene, a pre- 
cursor of vitamin A, it is of value to know something about the be- 
havior of the carotenoid pigments in the harvested roots. Measurement 
of total carotenoid content has been carried out in connection with a 
general investigation on the effect of removal of the tops on changes 
in carrot composition after harvest. The phase of the work on carrots 
reported in this paper was prompted by repeated observations in earlier 
work which suggested strongly that the concentration of pigments in 
young bunching-size carrots increased after harvest. Samples pre- 
served in alcohol for carbohydrate analysis were allowed to accumulate, 
and in all instances it was observed that carrots stored at room temper- 
ature contained more pigment than corresponding carrots preserved at 
the time of harvest. Samples preserved from lots held in cold storage 
were sometimes more deeply colored and sometimes not noticeably 
different from those preserved at the time of harvest. 


Materials and Methods 

Carrots of the Imperator variety vrere obtained from commercial 
fields located in Imperial Valley, Coachella Valley, Salinas Valley, and 
near Pomona, all in California. The age and condition of the crops 
when the collections were made are shown in Table 1. The carrots used 


TABLE I—Age and Maturity of Imperator Carrots Analyzed for 
Total Carotenoids 


Collec- 

tion 


Date 

Field 

Planted 


Date 

of Collect- 
tion 


Condition of Field 


1 

2 

3 

4 

5 

a 

7 

8 
9 

10 


Aug 1943 
Sep 1943 
Oct 1943 
Oct 1943 
Mar 1944 

Apr 1944 
Sep 1944 
Sep 1944 
Sep 1944 
Oct 1944 


Feb 9. 1944 
Mar 7. 1944 
Mar 20, 1944 
Apr 24. 1944 
Jul 7. 1944 

Aug 17. 1944 
Tan 1, 1945 
Jan 26. 1945 
Apr 12. 1946 
May 1, 1945 


Old; many seedstalks.^ 

Harvest for bunching in progress; few seedstalks. 
Approaching readiness for harvest. 

Field old; many seedstalks. 

Preharvest; some roots, mcludmg the sample, were large 
enough to be harvested. 

Same as 5. 

Preharvest. 

Prdhtarvest. 

Ready for harvest for btincmag. 

Keld old; many seedstalks. 


in this study were topped at the time of harvest. Each lot con^^ of 
16 to 30 roots and the weight ranged from 1,4^ to 3,488 grams. Single 
analyses were made for each storE^e condition in the first fotir ctrf- 
lections ; in the others duplicate samples were prepared in all instances 
and the values given are me avera^ of the two detennimtions. 

The carotenoids were extracted by grinding the tiffiue with sand 
in a mixture of petroleum ether and alcohol. TIm mixture contMi^ 
30 per cent petroleum ether at the start of each extraction, bat this 
was incresied as the water in the sample was removed, Carotew^ 
were ^timated, in a neutral wedge photometer (3, 7) wMA had bwti 
with Eastman carotene. A few spectroscofMc aiwyses 
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showed that the increase in total carotenoids was largely accounted for 
by increases in alpha and beta carotene. 

The amount of carotenoid found in the stored lots was calculated to 
the original fresh weight. 

Results 

The carotenoid content was found to increase consistently after 
harvest, with the exception of two lots held at 36 degrees F (Table II) . 
The increase was more rapid at room temperature than at lower 
temperatures, and relatively old roots gained less after harvest than 
did younger ones. The least gain occurred in collections 1, 4, and 10. 
These were from old fields which had a high proportion of plants that 
had developed seedstalks, but plants with seedstalks were not used in 
the samples. The other collections were from relatively young crops. 


TABLE II — Total Carotenoid Content of Imperator Carrots at 
Harvest and After Holding Under Various Conditions 






RYGG : CAROTENE CONTENT OF CARROTS 


309 


The limitation of the ability of carrots to synthesize carotenoids after 
harvest to relatively young roots undoubtedly explains why such in- 
creases have not been found to be of general occurrence. Smith and 
Otis ( 12) noted an increase in a few carrots held in a refrigerator, and 
Garcia (5) reported small increases in stored carrots. Miller and Cov- 
ington (9) and Ezell and Wilcox (4) found that the carotene of sweet 
potatoes increased in storage. Werner (15) found that carotene in 
stored mature carrots remained constant for a period of several months 
in cold storage and then gradually decreased. Likewise Langley, Rich- 
ardson, and Andes (6) found that mature carrots retained the caro- 
tene without loss during winter storage. The roots with which Werner 
and Langley, et al worked w^ere mature enough to be harvested for 
winter storage and therefore comparable in this respect to those used 
in collections 1, 4, and 10. Brown (2) found consistent increases in 
carrots stored at an unstated temperature. His results were based on 
calculation to the dry weight basis, and no allowance was made for 
losses of solids during the holding period ; but his results no doubt are 
in general valid. 

The source of the carotenoids formed in storage is not known. Color- 
less fluorescent compounds have been observed in leaf tissue and in 
carrots by Strain (13, 14), in tomatoes by Porter and Zscheile (10), 
and in carrots and in a considerable number of other tissues by Zech- 
meister and Sandoval (16, 17). One such compound, phytofluene, has 
been isolated by Zechmeister and Sandoval (17), who found it to be 
an unsaturated polyene C40HG4. It is oily and colorless, but fluoresces 
strongly in ultraviolet light. It has no provitamin A activity. They 
found no phytofluene in tissues rich in chlorophyll or in tissues free 
from carotene, such as potatoes, radishes, and the flesh of apples ; but 
carrots of unstated age and variety contained from 7.3 to 8.3 milligrams 
per kilo of fresh material (17). The possibility that phytofluene may 
be a precursor of carotene has been suggested (1, 17). The suggestion 
has also been made that vitamin A may be a precursor as well as a 
derivative of carotene (11). 
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Some Factors Affecting the Size of Carrot Roots 

By Louis K. Mann and J. H. MacGillivray, University of 
California, Davis, Calif, 

W HEN carrot fields are harvested for fresh market in the south- 
western United States, all the roots are dug at one time. A large 
proportion of the roots are culled out in the field because they are too 
small or too large to bunch. Bunch weights are usually standard and 
though the number of carrots per bunch may vary wideh", six to seven 
roots of uniform size are preferred. In bunches of this size most of the 
roots vary between 1 and 1 inches in diameter. Any practice which 
would lead to a more uniform root size would, in effect, increase yield. 

Two factors which might affect root size of field grown carrots were 
studied: the distance between roots, that is, spacing, and the non- 
uniform germination of seeds in the field. 

Spacing 

The effect of spacing on root size was examined in a commercial 
field by removing the tops, carefully mapping the position of the roots, 
and drawing circles proportional to their diameter. Such a map is 
shown in Fig. 1. The two rows of this bed were planted with a wide 
shoe so that the seeds were scattered in a band 5 or 6 inches wide. 
Spacing of the plants is quite irregular but despite this there is little 
evident relation between spacing and root size. To get a numerical 
check, the regression of root diameter on the average distance from the 
center of each root to the centers of the two closest adjacent roots 
was calculated for the upper row of roots in Fig. 1. The regression 
calculated in this way was not significant. In another test, seeds were 
planted by hand on 2 by 2 inch squares. While many seeds did not 
germinate, so that spacing was not uniform, the spacing was relatively 
wide as compared to commercial practice. Here again, the root diam- 
eter had little relation to spacing. The size distribution for 42 roots 
from this planting, graphed in Fig. 2, indicates that, even with wide 
spacing, great variation in size occurs. The coefficie nt of variation of 
root diameter for this sample of 42 carrots was 26 peFceht compared 
to 22 per cent for those roots shown in the upper row of Fig. 1. 

While these data indicate that spacing is not a major factor control- 
ling root size under field conditions, it is necessary to avoid planting 
so thickly that crowded and misshapen roots are formed, or so sparsely 
that yield is reduced. At the present time, precise spacing of carrots is 
difficult for the commercial grower because of the low percentage ger- 
mination of most carrot seed. Some growers are making trial plantings 
with pelleted seed to obtain more uniform spacing. 

Percentage of Germination, Weight, anb Amount 
OF Seed Required Per Acre 

In respect to spacing, data on percenta^ germination and seed size, 
are of interest as they determine the variability of the per-acre seed 
requir^ent for different seed lots. Percental of germination and 

.'^11 
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Fig. 1. A map showing the location and diameter of carrot roots planted by 
the use of a wide shoe. Note that small carrot roots may be located where 
there is little competition from other roots. 



DIAMETER OF ROOT CROWN IN INCHES 

Fig. 2. Frequency distribution of crown diameter of carrot roots. Imperator 
planted at Davis, California, March 31, and harvested August 9, 1946. All 
from seedlings emerging between March 29 and April 2. No plants closer 
than 2 by 2 inch spacing. 

number of seeds per ounce were determined for 23 samples of Long 
Imperator carrot seed from commercial sources. These seeds, in so far 
as information was available, had been produced in California and 
Idaho. 

Percentage of germination for each sample was determined by ger- 
minating four lots of 100 seeds each. Seeds were held, mostly for 14 
days, on moist filter paper in petri dishes at 30 degrees C. Counts 
were made daily. 
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Number of seeds per ounces percentage of germination, and pounds 
of seed required per acre are shown in Table I. The last figure is cal- 
culated on the assumption that, under California conditions, 750,000 
germinable seeds are required per acre. The range of 1.8 to 4.5 pounds 
per acre is very great. While the samples with the lowest germination, 
numbers 6, 18, and 19, show a high poundage requirement per acre, 
inspection of the table shows that the amount required is equally de- 
pendent on the number of seeds per ounce. In fact, the coefficient of 
variation for seeds per ounce is slightly greater than for percentage 
germination. If these two variables were associated, that is, if those 
samples with few seeds per ounce had high germination, these factors 
would counteract one another, giving a more uniform pounds per acre 
requirement. Regression of per cent germination on seeds per ounce 
is positive but the f value has odds near 10 to 1 so that the association 
between high germination and large seeds is very weak. Thus, in some 
samples, both factors may work in the same direction. Sample 9 has 
small seeds and high germination, giving a very low per acre require- 
ment, but in sample 4 both conditions are reversed, giving a cor- 
respondingly high requirement. For the extremes of the 23 samples 
examined, equal weights of seed would contain over 2.5 times as many 
germinable seeds in lot 9 as in lot 4. The above analysis illustrates the 
range of seed requirement under various conditions of seed size and 
germination. In actual practice growers usually plant a given number 
of seeds per foot of row. This automatically takes care of seed size so 
they only need to adjust their planting rate by percentage of germi- 
nation. 

One point which might cause some trouble in the above analysis is 
the discrepancy between field and laboratory germination. Data in 
Table II show that germination in soil fiats in a lath house was not 
significantly dififerent from that on blotting paper in petri dishes. How- 
ever, commercial conditions are seldom as ideal as this and another 
test comparing petri dish, flat, and field germination is probably more 
nearly correct. In this test, six replicates of 100 seeds of Imperator 
were germinated on each of the three media. Mean germination for 


TABLE I — Seed Weight, Percentage of Germination, and Pounds of 
Seed Required per Acre for Twenty Three Commercial Samples 
OF Long Imperator Carrot Seed 


Number 

Seeds 
Per Ounce 

Per Cent 
Germina" 

Pounds of 
Seed 

Sample 

Number 

Seeds 

Per Ounce 

Per Cent 
Germina*' 



nation* 

Per Acret 

nation* 

Per Acret 



1 

21,600 

60 

3.6 

13 

26,900 

76 

2.3 

2 

18400 

18,300 

58 

4.5 

14 

21.900 

77 

2.8 

3 

81 

3.2 

15 

16.600 

73 

39 

4 

17.500 , 

58 

4.6 

16 

20.300 


39 

5 


72 

2.6 

17 

16*600 


4.4 ' 

e 

25,000 

.49 

3.8 

18 

20,400 


n 

7 

18,000 

62 

4.0 

19 

22.400 


B 

22,700 

71 

2.0 

20 

26,500 

91 

m 

9 

31.000 

82 

XS 

21 

22.700 

19*600 

76 


10 

10.100 

62 

4.0 

22 

55 

i4 



m 

78 

2.4 

2.5 

23 

Average 

20,200 

21.600 

68 

67 

H ' 


’*'L,S.0, p«SE[ 9JS per csept; X per cmt, J.2,4 per oexxt, 

f gecrniiiftEle seed needed per acre. 
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the seed in the field, in soil in flats, and in petri dishes were 47.3 per 
cent, 51.5 per cent, and 64.8 per cent respectively. The L.S.D. at 5 
per cent odds was 8.5 per cent. While field germination of carrots is 
markedly affected by soil and climatic factors, with some knowledge 
of the conditions under which the seeds are to be germinated, a fair 
estimate of field germination could probably be made. 

Carrot Seed Germination 

The problem of carrot seed germination has received considerable 
attention. This is partly because field seedings are difficult to bring 
up, and also because under laboratory conditions, germination is usual- 
ly poor, variable and slow. 

Cole (2) called attention to this slow germination after she found 
that seeds left in the germinator for 35 to 55 days increased in ger- 
mination around 12 per cent over the standard 14 day period. Elliot 
(4) observed continued germination up to 100 days. Borthwick (1) 
examined seeds which failed to germinate after 14 days and found 
apparently normal endosperm, but embryos “almost never fully de- 
veloped and sometimes so small as to be scarcely visible.*’ Flemion 
and Waterbury (9) and Flemion and Uhlman (7) considered that 
lack of the embryos, as well as immature embryos, occurred and 
showed that these conditions, or at least the former, were present in 
the seeds of the nine species of Umbelliferae studied. Later, these ob- 
servations were extended to still other species by Flemion and Hen- 
drickson (6). 

Heit (10) tried to increase the germination of seed lots by blowing 
or sieving or a combination of these. He was not able to increase ger- 
mination significantly, presumably because lack of embryos or under- 
sized embryos have little effect, either on weight or size of seed. In 
this connection, Dr. J. F. Harrington of this Division furnished us 
with the following interesting information: 100 soaked carrot seeds 
weighed 0.2356 grams and 100 embryos removed from soaked seeds 
weighed 0.0024 grams — ^about Vioo part of a seed by weight is embryo. 
This explains the difficulties experienced in separating good from 
embryoless seed by physical methods. In checking further the effect of 
seed size, we sieved seeds into five size classes and germinated them 
under three different conditions. As shown in Table II, there was 
little practical difference among the size classes. These data on seed 
size within a sample agree with the conclusion given above that seed 
size among samples from different sources has little relationship to 
germination. 

Apart from separating out embryoless seeds, or seeds with small 
embryos, there is a possibility that some type of seed treatment could 
increase germination. Thus, Durfee (3), examining 84 lots of com- 
mercial carrot seed, found an average of 69 per cent germination, 19 
per cent embryoless seeds, and 12 per cent “dead” seeds. A similar 
determination for three lots of carrot seed is shown in Table III. For 
one lot 16.8 per cent units of the seeds which had embryos did not 
germinate. The reason why seeds with embryos should fail to ger- 
minate is unknown. 
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TABLE II — Germination of Carrot Seed Separated Into Five Size 
Classes by Sieving. Germinated on Filter Paper in Petri Dishes, in 
Soil in Petri Dishes, Both at 30 ° C., or in Soil in Flats in Lath 
House (Sample 10 , Table I) 


Seed Size Classes Diameter of 
Holes in Screen (Inches) 

Per Cent 
of Total Sample 
By Weight 

Germination (Per Cent) 

1 Petri Dishes, 
Filter Paper 

Petri Dishes, 
Soil 

Flats, 

Soil 

Less Than 

Greater Than 

— 

1/12 

2 

54 

53 



1/12 

1/14 

13 

62 

56 

64 

1/14 

1/16 

26 

64 

51 

60 

1/16 

1/20 

47 

60 

49 

58 

1/20 

— 

12 

51 

44 

52 

L. S. D., 5 per cent | 


9.0 per cent 

N.S. 1 

N.S. 


TABLE III — Carrot Seed Germination and Per Cent of Seeds With 
Well Developed Embryos 


Sample j 

Number | 

Per Cent Germination 
Mean of Eight Lots 
of 100 Seeds 

Per Cent of Seeds 
With Embryos, Mean 
of Four Lots of 100 
Seeds 

Seeds With Einbryos 
But Not Germinating 
(Per Cent Units) 

8 1 

72.0 

81.7 1 

9.7 

20 

86.5 

86.5 i 

0.0 

18 

50.0 

66.8 

16.8 


In an attempt to increase germination, several treatments were 
tried, such as soaking in hot water (50 to 52 degrees C, 10 minutes), 
soaking in thiourea (0.1 to 5,0 per cent) and scarifying by cutting or 
with sulphuric acid (soaking in concentrated acid up to 2 minutes). 
None of these treatments increased germination over that of untreated 
seed. If methods of removing embryoless seeds or seeds with smaller 
than usual embryos cannot be worked out, it seems probable that no 
seed treatment could be expected to be generally effective, or in any 
instance, to increase germination very much. If all of those seeds 
termed ‘‘dead” by Durfee could be made to germinate, the average 
increase, according to her figures, could be only 12 per cent. 

Recently Flemion (5) and Flemion, Pool and Olsen (8) have de- 
scribed experiments with Lygus bugs and state that “these results 
establish that the feeding of Lygus bugs produces embryoless seeds 
in dill. Preliminary results with carrot are similar”. This work is en- 
couraging as it may lead to the production of seed of high germi- 
nability. 

Non-uniform Germination and Root Size 

To determine if early or late germination of seeds within a single 
planting had any effect on the size of the roots which develop in the 
field, seedlings were identified as they appeared above ground by ap- 
plying a small amount of oil paint to one of the cotyledons. All seed- 
lings were painted on a certain date and then after a specified number 
of days the new crop of seedlings was marked. When the roots reached 
marketable size, all were dug and the maximum root diameter re- 
corded, Data from three such tests are shown in Table iV. The seeds 
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in experiments 1 and 2 were planted with a wide shoe that scattered 
them in a band 5 to 6 inches wide. In experiment 3, the seeds were 
planted by hand on 2 by 2 inch squares. 

Seeds which germinate early may produce relatively large roots 
because they have more time for growth, or because they place the 
later germinating seedlings at a competitional disadvantage, either by 
shading or by the roots which, even in young plants, may extend 
laterally several inches. The difference in growing time for early and 
late seedlings is small relative to the total growth period and it seems 
doubtful that age differences alone could account for the mean size 
differences for the germination dates within the tests. Also, in experi- 
ment 3, w-here the seeds were widely spaced and competitional effects 
would be reduced, the size differences were non-significant. 

In general, one could conclude from the data of Table IV that non- 
uniform germination of seeds in the field contributes to the variation 


TABLE IV — Time of Emergence of Carrot Seedlings and Diameter of 
Roots at Harvest (Imperator Variety) 


Experiment Number 
and Location 

Period of Seedling 
Emergence 

Number of 
Roots in 
Sample 

Mean Root 
Diameter 
(Cm) 

Significance of 
Differences in 
Root Size 

Number 1 

Prior to March 19 

56 

3.11 

Significant at 

Soledad, California 

March 20 to 26 

114 

2.74 

1 per cent level 

Harvested July 21, 1945 

March 27 to April 6 

23 

2.15 

Number 2 Davis, Calif. 

Prior to Apnl 2 

200 

2.50 

Significant at 

Planted March 3 

Harvested August 9, 1946 

April 3 to 10 

26 

2.21 

6 per cent level 

Number 3 Davis, Calif. 

March 29 to April 2 

45 

4.50 

Not 

Planted March 14 

Apnl 3 to 8 1 

21 

4.21 

significant 

Harvested August 19, 1946 

April 9 to 16 

6 

4.12 


in root size and that this is associated with competition between early 
and late germinating seeds rather than simply the age differences 
among roots at the time of harvest. While spacing among individual 
roots, per se does not seem to be related to root size, thickness of plant- 
ing will affect overall variation in root size in so far as it controls the 
competitive effect among seedlings germinating at different times. 

The factors which affect non-uniform germination in the field are 
not known. Perhaps the seed source is important. Fig. 3 shows ger- 
mination rate graphs for three of the lots listed in Table I. Here lot 23 
with a marked germination peak might give more uniform field ger- 
mination than lot 10. As pointed out earlier, undersize embryos cause 
delayed germination in laboratory tests. How these react in the field is 
not known. Elliot (4), germinating seed in soil in the laboratory 
stated that ‘Very few seeds sprout with sufficient strength to produce 
a seedling after 14 days.” Flemion and Hendrickson (6) note that 
there seems to be no relation between immature embryos and lack of 
embryos. Flemion, Pool and Olsen (8) do not discuss the relation of 
Lygus bugs to immature embryos. 

Even with uniform germination, there seems to be a remarkable 
variation in carrot root size. This is perhaps not surprising as com- 
mercial strains of carrots are relatively heterozygous (Welch and 
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Grimball, 11). The sample of 42 roots discussed earlier, and whose 
size variation is shown in Fig, 2, all appeared above ground between 
March 29 and April 2. This affords some measure of root size vari- 
ability where differences in time of germination and spacing are minor 
factors. 

Summary 

Carrots grown for bunching are highly variable in root size. Since 
an entire field is harvested at one time, there is considerable loss of 
yield through cullage. Data were collected to determine the effect of 
(a) spacing, and (b) non-uniform germination, on root size. The 
effect of percentage of germination and seed weight on seed require- 
ment per acre is discussed in relation to spacing. 

Examination of roots in situ in the field indicated that root diameter 
had little relation to spacing. Marking seedlings as they germinated 
in the field showed that time of germination was related to root size at 
harvest. This effect on size apparently results from competitional ad- 
vantage of earlier over late se^lin^s. In so far as close spacing wotild 
increase this competition it would increase root size variation. Atten- 
tion is dirked to the extreme inherent variation in size among carrot 
roots even where differences in time of germination and sp^ong are 
smalL 
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Reduction of Storage Losses in Sugar Beets 
by Ventilation^ 

By L. P. Orleans and R. H. Cotton, Holly Sugar Corporation, 
Colorado Springs, Colo. 

H undreds of thousands of tons of sugar beets are stored in open 
piles in the autumn, before being processed. Harvest periods 
are short and storage is necessary. Losses of sugar during storage are 
extremely costly. Because of the large volumes involved, refrigeration 
or cold cellars have been considered prohibitive in cost. In recent years, 
however, there has been great interest in the use of cold night air to re- 
duce beet pile temperatures. Pack (7) in 1924 published data on res- 
piration losses in beets as a function of temperature, Barr, Mervine and 
Bice (2) reported on sugar losses in beets in storage piles. They also 
determined the variation of respiration rates of beets with temperature. 
Fort and Stout (S) used ventilation to reduce sugar losses in a small 
pile and indicated further work was desirable. Barmington (1) 
described basic engineering considerations for commercial ventilation, 
M. G. Frakes (6) pioneered the development of successful commercial 
ventilation. Doxtator and Downie (4) have also successfully ventilated 
beets commercially. The technique described here was derived princi- 
pally from the work of Frakes. Modifications are noted below. The 
purpose of the present paper is to publish quantitative results on sugar 
savings in an experiment conducted at Sidney, Montana in 1948. The 
experiment was designed to allow a direct comparison of the behavior 
of two identical beet piles, which differed only in that one was ventil- 
ated and the other was not. 

Experimental Procedure 

Two piles were made simultaneously, one to be ventilated, the other 
to act as a check pile, not ventilated. Loads from a grower were sent 
first to one pile, then to the other, so that as far as possible the piles 
had identical beets. The piles were 20 feet high, 100 feet long and 110 
feet wide at the base. Each pile contained approximately 2,600 tons. 
About 75 per cent of the beets were mechanically harvested, and the 
beets were relatively free of trash. The ventilated pile had three ducts 
made from second-hand oil drums, 22 inches inside diameter and 34 
inches long. After the ends were removed the drums were welded into 
groups of four leaving a 2-inch air space between each drum, as a vent. 
This was accomplished by using strap iron to connect the drums. The 
groups of four were comWned into ducts 95 feet in length, and held in 
place on the piling ground by a trench about 6 inches deep. The far end 
of the last drum in each duct was left intact, and 2-inch slots were cut 
around the periphery as vents. The first 15 feet of each duct were 

^M. G. Frakes, Michigan Sugar Company, Myron Stout, U. S. Department of 
Agriculture, C. W. Doxtator and A. A. Downie, American Crystal Sugar Com- 
pany were especially helpful in planning this experiment. Many Holly personnel, 
too numerous to list gave invaluable help. Particular thanks are due^ to H. P. H- 
Johnson, Sugar Beet Development Foundation, for help in the statistical phases 
of the work. 
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welded solid without the 2-inch air space. The ducts were spaced 25 
feet apart and the beets were piled directly on top of them. Ventilation 
was provided by a blower on each of the three ducts. Each blower 
capacity was approximately 13,500 cubic feet per minute. 

As the beets were being piled, captive samples of beets ^vere made up 
and placed in the piles. These samples were made by matching beets 
in groups of threes as to size, all chosen from a given load. Twenty 
groups of three (“Triplets”) were chosen from a load. The beets were 
then cleaned by brushing ofiF the adhering dirt, and from each triplet 
one beet was placed in a ventilated pile sample, one in the check pile 
sample, and one in a laboratory sample. The laboratory sample was 
analyzed for sugar content and purity, and the other two were weighed 
and placed in their respective piles in open mesh cabbage bags. Each 
matching pair of samples was placed in identical positions in the piles. 
That is, they were at the same depth, the same distance from the north 
side of the pile, and the same distance from the starting end of the pile. 
Fifty captive samples were used in each pile, and distributed equally 
throughout them. When the piles were processed by the factory, the 
samples were weighed and analyzed for sugar and purity. Thus, gross 
loss was obtained by difference between total sugar (weight times per 
cent sugar) into the pile and the total sugar out of the pile. The same 
thing applied for purities. 

Temperature measuring equipment consisted of 34 glass thermom- 
eters and an automatic recorder which hourly recorded temperatures 
from 24 resistance bulbs. Ten resistance bulbs and 17 glass thermom- 
eters were used in the check pile, and 13 resistance bulbs and 17 
glass thermometers were put into the ventilated pile. The remaining 
resistance bulb was used to record the atmospheric temperature. Used 
brass tubes were placed in the piles at the desired locations to the re- 
quired depths and the resistance bulbs and thermometers were sus- 
pended in them from corks w’hich closed the upper end of the tubes. 
The thermometers were withdrawn from the tubes to be read, and 
then replaced until the next reading. Temperatures obtained were of 
the air inside the piles. These locations were uniformly spaced in the 
piles at 5-, 10- and IS-foot levels and at strictly similar positions in 
each pile, except for the three extra resistance bulbs in the ventilated 
pile ’which were placed 5 feet directly above each duct 15 feet in from 
the edge of the pile on the blow^er side in order that a record could be 
obtained of any freezing caused by ventilating with air at too low a 
temperature. 

The arrangement in the experiment differed from previous com- 
merda! work in several ways. The blowers were controlled by individ- 
wA thermostats. The}"^ automatically cut off when the night air dropped 
to 27 degrees F to avoid freezing beets. They came on automatically 
at a preset temperature which was determined by the pile temperature. 
Usually they were set to ventilate at 2 degrees F below the average 
temperature for the beets over each duct, unless local warm spots ap- 
peared. In that case the blower or blowers near the spot was set to 
come on at S or 10 degrees F below the maximum temperature. An 
electric clock was also used to determine the actual hours of ventilating. 
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Automatic louvres were installed on the intake side of the blowers. 
These louvres remained closed when the blowers were not in operation 
thereby preventing the cool air from leaking out of the pile through 
the ducts on warm days. This did not prevent cold air seepage through 
the side of the pile. However, without louvres a very strong outward 
current of cold air escaped through the ducts. 

In order to check the sampling technic 1 1 additional sets of samples 
in triplicate (33 bags of beets, 20 beets to a bag) were taken for sugar 
analysis. The three samples in each set were labelled A, B and C to cor- 
respond to the laboratory, the ventilated and the check pile samples. 
The average sugar content for the 11 sets were respectively 15.4, 15.5 
and 15.2 per cent sugar. Analysis of variance indicated that there was 
no significant difference between the samples. Thus an F value of 
0.673 was obtained while a value as high as 3.49 was needed for sig- 
nificance. At the conclusion of the experiment, the data were also 
analyzed for significance by analysis of variance. 

Sugars were analyzed by Sachs le Docte method (3) — a water ex- 
tract of the beets was clarified with basic lead acetate and the sugar 
hot-water digestion read by polariscope. The apparent purity was de- 
termined by digesting 400 grams of beets in 3^ grams of water for 
30 minutes at 85 degrees C. They were then pressed and apparent 
purity run by hydrometer and 1/10 dilution method (3). 

The purity value is needed for determination of available sugar. 
Thus, if one knows the purity of a beet juice, he can calculate the pro- 
portion of sugar that can be extracted as crystalline sugar. The re- 
mainder goes into molasses. 


Results 

Figs. 1 and 2 show the temperature data. The average temperature in 
the ventilated pile was consistently lower than that of the check pile 
(Fig. 1). The maximum pile temperature was also consistently lower 
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in the ventilated pile (Fig. 2), and here the differences were greater. 
The maximum temperatures were of great importance, because they 
would indicate a hot spot, or a possible hot spot. Such spots, once 



Fig. 2. Maximum daily pile temperatures with maximum and minimum air 

temperatures. 


Started, can soon result in destruction of the affected beets. Fig. 1 shows 
that initially the ventilated pile dropped in temperature more rapidly 
than the check, and it warmed up far more slowly during the October 
period of warm air temperatures. Temperatures were analyzed for 
significance on several days, and the data are summarized in Table I. 



TABLE I 


Date 

Difference in Average 
Temperatures (Degrees F) 

Significance 

Oct4 

4.8 

Beyond 1 per cent level 

Oct7 

3.8 

Less than S per cent level 

Oct 14 

5.6 

Beyond 1 per cent level 

Oct 24 

4.2 

Beyond 1 i>er cent level 

Nov 1 

5.4 

Beyond 1 per cent level 

Dec 1 

1.0 

Less than 5 per cent level 


The smallest differences in average temperatures occur on the 2 
days when significance was less than 5 per cent level. 

The bars shown in Figs. I and 2 indicated the time blowers were in 
use. Thus, if the three blowers were each used 12 hours on a given 
day, the proportion of a total day in use would be 0.5. The greatest use 
of the blowers was on September 30 when 75 per cent of the maximum 
u^ was obtained. Some days the blowers were not used, because the 
night temperature was not sufficiently low. At the end of the season 
the blowers were not used, because of the extremely cold air temper- 
atures, or because the pile was sufficiently cool. The ventilation con- 
sumed 3256 kilow^att hours for the total storage period of 85 days. 

After a storage period of 85 days the two piles were processed in 
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TABLE II — Changes in Sugar and in Purity 


Sample 

No. 

Per Cent Sugar Retention After Storage 

Initial 

Punty 

Final Punty 

Vent Pile 

Check Pile 

Vent Pile 

Check Pile 

1 

— 

— 

83.7 

83.4 

78.2 

2 

88.3 

94.2 

82.8 

76.5 

S5.6 

3 

91.0 

92.8 

84.3 

81.2 

81.8 

5 

90.6 

84.2 

86.9 

81.9 

82.6 

6 

88.8 

86.5 

— 



7 

93.1 

87.9 

— 





9 

— 

— 

80.9 

83.4 

76.5 

11 

84.5 

68.8 

84.0 

77.2 

67.0 

12 

— 

— 

84.8 

SO.S 

73.1 


86.7 

68.7 

85.3 

78.2 

72.5 

14 

91.8 

74.2 

82.8 

81.9 

70.4 

15 

86.8 

74.2 

83.6 

77.4 

67.1 

16 

90.2 

85.4 

84.7 

83.9 

81.0 

17 

— 

— 

80.8 

81.2 

82.1 

18 

84.5 

87.3 

85.6 

78.1 

75.2 

19 

91.5 

91.2 

85.1 

77.2 

83.6 

20 

— 

— 

83.3 

83.5 

76.1 

21 

92.0 

91.5 

84.7 

82 1 

80.6 

22 

— 

— 

82.8 

75.8 

69.0 

23 

— 

— 

82.5 

76.3 

77,2 

24 

83.3 

89.6 

83.6 

79.1 

82.0 

25 

87.4 

93.2 

88.1 1 

76.8 

83.5 

26 

93.0 

79.4 

85.1 1 

85 4 

75.8 

28 

84.6 

76.5 

87.0 i 

82.9 

85.1 

29 

90.1 

104.3 

85.4 

81.5 

81.8 

31 

88.5 

97.1 

84.5 

78.7 

80,6 

32 

80.2 

82.1 

85.8 

77.2 

77.5 

33 

99.2 

92.3 

85.0 

84.1 

77.2 

34 

101.5 

94.4 

83.0 

79.9 

81.3 

36 

95.2 

93.4 

83.2 

79.2 

85.0 

37 

83.7 

79.0 

84.8 

82.4 

75.6 

38 

85.0 

72.2 

84.9 

80.5 

70.6 

39 

89.4 

90.7 

85.7 

83.8 

80.8 

40 

102.8 

106.8 

82.0 

78.2 1 

80.8 

41 

98.3 

88.6 

82.2 

80.6 

79.9 

42 

91.1 

82.2 

84.1 

81.6 

83.8 

43 

93.8 

81.9 

84.6 

81.0 

71.8 

44 

85.3 

93.9 ! 

83.9 

77.5 

79.7 

45 

102.0 

91.7 

82.2 

88.1 

78.3 

46 

91.5 i 

80.0 

85.6 

84.9 

84.9 

47 

75.5 

80.5 

86.0 

82.0 

85.6 

48 

93.9 

92.8 

88.2 

84.5 

80.3 

49 

101.7 

98.5 

86.1 

85.7 

82.3 

50 

80.6 

84.2 

83.8 

78.9 

81.6 


In analysis of variance of per cent sugar retention the P value obtained is 4.78 and an P value 
required for significance is 4.12 for 5 per cent level and 7.42 for 1 per cent level. In analysis of 
variance of purity drop the F value obtained is 6.44 and the P value required for significance is 4.08 
for 5 per cent level and 7.31 for 1 per cent level. 

the factory ; the captive samples were weighed and analyzed. Table II 
summarizes the changes in sugar and purity. Samples were numbered 
from 1 to 50, and where a sample number is omitted in Table II the 
sample was lost when the beets were taken to the factory for processing. 
When per cent sugar retention is showm, but purity is absent, there 
was not sufficient pulp to determine the purity. When purity is shown, 
but not per cent retention of sugar, at least one beet was lost from the 
sample, and since both weight and per cent sugar are needed to de- 
termine per cent sugar retention, the sample was discarded as far as 
sugar was concerned. It will be seen that both changes in sugar and 
purity were statistically significant. In short, the two piles were sub- 
stantially identical initially, but at the end of the storage period, the 
ventilated pile had 339.4 tons of sugar versus 326.4 for the check. The 
corresponding purities were 80.2 and 78.7. Thus, in terms of recover- 
able sugar using the S-J-M formula (8) there were 235 tons in the 
ventilated pile, and 212.7 in the chedc, or a difference of 22.3 tons or 
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446 bags of sugar. Detailed economic analyses were made which indi- 
cated an annual ventilation cost (including depreciation of equipment, 
labor, and so on) of 20 cents per ton ventilated, and a gross saving of 
approximately 70 cents per ton. 

It is felt that ventilation with cold night air might be of value for 
other crops. For example, oranges held in bins over weekends for 
processing could possibly benefit from ventilation. 
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Temperature Studies of Commercial Broccoli and Sweet 
Corn Prepackaging at the Shipping Point^ 

By R. K. Showalter, Florida Agricultural Experiment Station, 
Gainesville, Fla,, and H. A. Schomer, Plant Industry Station, 
Beltsville, Md, 

1 ARGE quantities of fresh vegetables are shipped from Florida to 
i northern markets during the winter and spring months. Increas- 
ing quantities of these vegetables are being prepared and packaged in 
consumer units at the shipping point. To maintain freshness and pre- 
vent decay, special handling is required from the time of harvest until 
the vegetable reaches the consumer. During the first half of 1948 ex- 
tensive studies were made on the prepackaging of broccoli and sweet 
corn at the farm and packing shed of a Florida grower in order to in- 
vestigate the methods and problems involved in commercial prepack- 
aging at the shipping point. The Florida Agricultural Experiment Sta- 
tion and the United States Department of Agriculture cooperated on 
this research under the Research and Marketing Act. 

The importance of maintaining prepackaged produce at low temper- 
atures has been stressed by many investigators. Scott and Mahoney 
( 1 ) studied the quality changes of prepackaged sweet corn and found 
a decreasing sugar content with increasing temperatures and length 
of storage period. The United States Department of Agriculture (2) 
recently made a study of the prepackaging of Long Island broccoli and 
report a marketing period of 11 days when held at 42 degrees F, and 
only 4 days when held at 67 degrees. 

Several physiological problems were studied, but this paper reports 
only the results of temperature studies made during the regular pre- 
cooling, packaging and storage operations and experimental modifi- 
cations of the regular methods. 

Materials and Methods 

The broccoli and sweet corn were harvested and hauled directly to 
the packing shed. The broccoli consisted principally of secondary 
florets that developed on the lateral branches of the plants after the 
terminal flower head was harvested. A wire mesh belt conveyed the 
broccoli through the packing shed while it was being trimmed, washed 
and hydro-cooled. Many of the stems w^ere cut lengthwise to facilitate 
packing in the open-top cardboard trays. Each 10-ounce tray of broc- 
coli was then machine wrapped in cellophane and heat-sealed. 

The sweet corn was mechanically husked and the ears were cut into 
5- or 3-inch lengths before being washed and hydro-cooled. Both vege- 
tables were hydro-cooled while moving on a mesh belt under a shower 
of mechanically refrigerated water in a 30-foot tunnel. The broccoli 
and part of the sweet corn were cooled for 13 minutes, but the cycle 
was shortened to 9 minutes in the latter part of the season to handk 

Grateful acknowledgment is made to L. H. Halsey of the Florida Agricttltora! 
Experiment Station and Dr. LecHiard Rigg and Maurice Lieberman of the U. S, 
Dept of Agriculture for assistance in various phases of the work. 
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the increase in volume of corn. Two types of corn packages were made 
with the same cardboard tray. One package contained three 5-inch ears 
lengthwise, and the other five 3-inch ears placed crosswise. 

Ventilated cardboard master cartons containing 12 packages of broc- 
coli or sweet corn were used for storage and shipping. As the master 
cartons were filled, they were stacked eight layers high in a cold stor- 
age room. The air was circulated by three blast coolers located near 
the ceiling. However, there was little air movement among the cartons 
when large numbers were placed in solid blocks. The temperature 
changes in the cartons were measured with a 12-unit thermocouple 
cable. In a typical stack eight cartons high, a pair of thermocouples 
(one in the center and one at the side) was placed in each of the top, 
middle, and bottom cartons. 


Results 

Series of temperature- readings were taken of broccoli on January 
21 and February 19, starting with the field temperature and following 
with the temperatures after hydro-cooling and packaging. Similar 
series were taken of sweet corn on April 6 and 7, May 12 and June 10. 
These temperatures are shown in Table I with the corresponding 
hydro-cooler water temperatures. The temperatures were taken in the 
cob of the corn with fruit thermometers and inside the broccoli stems 
with thermocouples. The temperatures reported are averages of at least 
10 readings. 


TABLE I — Effect of Hvdro-cooling and Packaging on the Tempera- 
ture OF Broccoli and Sweet Corn Harvested at Different Dates 




f 

3 

cooling 


Packaging 

Degrees Be- 

Date 

Time 

(Min) 

Water 

Temp. 

j Vegetable Temp. 

De- 

crease 

j Vegetable Temp. 

low Field 
Temp. After 
Packaging 


Before 

After 

Before 

After 

Jan 21 i 

1 13 i 

1 i 

i 99 1 

Broccoli 
41 ] 

1 28 

} 55 


1 11 

Feb 19 . . . I 

I 13 j 


1 79 I 

48 1 

1 31 

1 57 

1 58 1 

1 21 

Apr 6 

13 

46 

85 

'iweet Corn 

.58 

27 

61 

62 

23 

Apr 7 

May 12 

Jun 10 

8:15 a.m . . 

13 

42.5 

85 

52 

33 

59 

61 

i 24 

13 

42.5 

88 

59 

29 

59 

59 

29 

9 

40 

85 

50 

35 

54 

56 

29 

4:30 p,m, . . . 

9 

41 

86 

53 

33 




Hydro-cooling reduced the temperature of both vegetables ap- 
proximately 30 degrees F. The field temperature of the broccoli varied 
from ^ degrees on January 21 to 79 degrees on February 19, and the 
reduction to 41 degrees and 48 de^ees was nearly adequate. How- 
ever, during the next 7 minutes while the broccoli was being drained 
and packaged the temperature rose to 58 degrees. This rapid increase 
partly nullified the precooling effect. 

The c om ranged from 50 to 59 degrees F after hydro-cooling and 

®A11 temperatures are reported in d'^rees F. 
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from 56 to 62 degrees after packaging. These temperatures were too 
high for maintaining good quality. The water temperature in the 
hydro-cooler varied with the volume and temperature of the corn be- 
ing cooled. Attempts were made to keep the water temperature near 
32 degrees, but difficulty was encountered because of ice formation on 
the coils in the bottom of the hydro-cooler. Experimental lots of corn 
held in the hydro-cooler, with an average water temperature of 37 
degrees, were reduced from 85 to 46 degrees in 20 minutes and to 41 
degrees in 30 minutes. 

The decrease in temperature of prepackaged broccoli in the cold 
storage room was compared with unpackaged broccoli in open wire 
baskets. The resulting temperatures, shown in Fig. 1, are the averages 



of the side and center positions in the top, middle and bottom cartons 
of the stack, or the side and center of the wire baskets. The wire 
baskets were filled with broccoli immediately after hydro-cooling and 
taken directly to the cold storage. Broccoli that was hydro-cooled at 
the same time was prepackaged and placed in storage in the regular 
cartons. When thermocouples were placed in the two lots the temper- 
ature of the broccoli at all positions in the stack of cartons was 56 de- 
grees, while the unpackaged broccoli was 42 degrees. The packaged 
lot had increased 14 degrees before reaching the cold storage. The 
temperature in the middle carton continued to rise slowly during the 
first hour in storage and remained the wannest position with temper- 
atures of 55 degrees after 5 hours, and 44 degrees after 19 hours. The 
coldest position was in the top carton which received the most air cir- 
culation. It reached the air temperature (37 degrees) after 19 hours, 
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as contrasted to 1 hour and 30 minutes required for the uiipackaged 
broccoli to reach the air temperature. The temperatures at the bottom of 
the stack averaged about midway between the top and middle positions. 

Cartons of prepackaged broccoli were held in 35, 45 and 70 degrees 
storage rooms to determine the changes in quality at the different 
temperatures. Broccoli held at 35 degrees was fresh and green after 
7 days and after 13 days was only slightly discolored on the cut 
surfaces. At 45 degrees a small amount of soft rot and discoloration 
was found after the second day. After 2 days at 70 degrees the major- 
ity of the packages were unsalable because of decay. Hydro-cooled lots 
remained fresh longer than non-cooled lots stored at 45 and 70 degrees. 

Since the sweet corn temperatures varied from 56 to 62 degrees 
after hydro-cooling and packaging, it was necessary to finish the 
cooling in the cold storage rooms. Thermocouples were placed in four 
experimental lots of corn to determine the cooling rates of packaged 
and unpackaged, and husked and unhusked com. Table II shoves the 
temperature of the regular prepackaged corn (A) had reached a low 
of 44 degrees after 18 hours in the cold room with the air temperature 
fluctuating from 33 to 40 degrees. 

TABLE II — Effect of Husking, Hydro-cooling, and Prepackaging on 
THE Cooling Rate of Sweet Corn During Storage. The Tempera- 
tures (Degrees P) were Taken in the Cob with Thermocouples 
AND ARE Averages of the Middle and Top Positions in the Cartons 
OR Baskets 


Treatments 


Number Hours in Storage 



0 

1 

2 

3 

5 

7 

18 

A — Regular hydro-cooling, prepackaging and cold storage in i 
cartons 

53 

53 

50 

48 

54 

50 

44 

B — Hydro-cooler to cold storage in wire baskets. Prepackaged 
after hours 1 

48 

42 

38 

34 

42 

40 

39 

C— Same as treatment B except no hydro-cooling 

81 

45 

41 

37 

45 

42 

40 

D — In husk, field to cold storage in wire baskets. 

S3 

69 

60 

55 

62 

45 

38 

— ^Air temp, in cold storage 

36 

39 

40 ! 

34 

39 

33 

40 


Two lots of husked corn, one hydro-cooled (B) and one uncooled 
(C) were placed in the cold room unpackaged in wire baskets. After 
3 hours the hydro-cooled lot had dropped to 34 degrees and the air 
cooled lot to 37 degrees. Both lots B and C were then prepackaged 
and the temperatures were 4 and 5 degrees lower after 18 hours than 
the regular pack, with the additional advantage of more rapid cooling. 
Lot D was placed in vrire baskets in the cold room without being 
husked and the temperature dropped slowly to 38 degrees in 18 hours. 

Prepackaged sweet com stored for 10 to 15 days at 35 degrees was 
still in a marketable condition, but there was some loss of the original 
sweet flavor and some packages had a slight fermented odor upon 
opening. A similar decrease in quality w^as noticeable after 5 days at 
45 degrees storage. 

Summary and Conclusions 

The 30-foot mechanically refrigerated hydro-cooler studied in these 
tests had sufficient cooling capacity to reduce the temperature of broc- 
coli and sweet com ai^roximately 30 degrees F during a 9 or 13 
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minute cycle. When the field temperature of the vegetable was high, 
this was not sufficient cooling, since temperatures below 40 degrees 
were desired. With a water temperature of 36 to 46 degrees the broc- 
coli was cooled to 41 to 48 degrees and the sweet corn to 50 to 59 
degrees. The broccoli temperature increased from 10 to 15 degrees 
during packaging. Additional precooling was necessary after prepack- 
aging and the cartons were placed in cold storage for that purpose. 
Cooling was slow and varied according to position in the room. Broc- 
coli and husked sweet corn in open wire baskets in the 33 to 40 degrees 
storage room cooled more rapidly than prepackaged sweet corn and 
broccoli or corn in the husk, because of the insulating effect of the con- 
tainer and the husk. 
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Effect of Irrigation on the Growth and Yield 
of Sweet Corn^ 

By John H. MacGillivray, University of California, Davis, Calif, 

C ROPS vary in their need for supplementary amounts of water under 
semiarid conditions. Sweet corn in its rapid growth near maturity, 
its shallow root system, its failure to form ears in dry weather in humid 
areas, and the claim of its need for adequate water at the time of ear 
setting, is one of the more interesting crops from the standpoint of 
irrigation. This study covers these considerations, with the exception 
of the last item which would probably require a separate experiment 
for full coverage. 

Some considerations relative to the general aspects of irrigation in 
the West have been published by MacGillivray and Doneen (4). The 
research data for these studies and other crops are available in mimeo- 
graph form (S). The latter study includes the results obtained with 
some 13 crops. Irrigation studies by Stover (7) in Oregon about 1910 
gave a 2 per cent increase in yield for Stowell’s Evergreen and 96 per 
cent increase for Early Minnesota, the latter probably the more shal- 
low-rooted variety. Voorhees (8), working in New Jersey about 1899, 
found that irrigation increased sweet corn yields 52 per cent and other 
vegetables from 9 to 73 per cent. Cordner (1) in Oklahoma, grew 
Country Gentleman in 1940 and Golden Colonel in 1941 in an irriga- 
tion experiment. Both are tall varieties of sweet corn. Each year was 
fairly favorable for production without irrigation. In 1940 irrigation in- 
creased yield 25 per cent and in 1941, 55 per cent. Corn was irrigated 
rather frequently, but the amount of water applied was not measured. 
Haber (2) reports a study made in Iowa comparing inbred lines of 
sweet corn that were susceptible and resistant to drought. He was 
unable to find any morphological or physiological test capable of sep- 
arating these two types of plants. 

Studies of field com have also been made. The two most applicable 
to this work were by Miller and Duley (6) and Haynes (3) ; the ex- 
periments in both studies were carried on in large metal containers. 
The growth period (6) of the corn was divided into three periods with 
various treatments given to the plants such as maintaining optimum 
(28 per cent) and minimum (13 per cent) soil moisture. Fourteen 
different treatments were used. The amount of moisture available in 
the first 30 days was of least importance in affecting growth, and that 
available in the last 30 days was of most importance. Minimum soil 
moisture gave a higher nitrogen and mineral content than did optimum 
moisture. Haynes (3) grew corn plants in jars of 4-liter capacity which 
contained soils at different moisture levels. The author states that the 
quantity of vegetative growth was markedly affected by the amounts 

^These experiments were conducted under a joint project of the Irrigation 
and Truck Crops Division. The author was responsible for the plant data and 
Dr. L. D. Doneen of the Irrigation Division for the soil data. Amount of water 
applied, number of irrigations, and plant height measurements were supplied 
through the kindness of Dr. L. D. Don^n, 
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of available soil moisture. The range was from near saturation to near 
the permanent wilting percentage. 

Methods 

These studies were started in 1939 at Davis, and continued during 
1940 and 1941. In the first year the Golden Cross Bantam variety 
was used; the preliminary results were similar to those obtained in 
subsequent years. Since the effect on yield was great, it seemed de- 
sirable to compare a small variety, Golden Bantam, and a large vari- 
ety, Oregon Evergreen. Each treatment was applied to soil initially 
filled with available water to a depth of 6 feet. Treatment A plots re- 
ceived no irrigation water ; those of treatment B received the greatest 
amount of water while those of treatments C and D received suc- 
cessively smaller amounts of water. Each plot was 1/115 of an acre; 
rows were 3 feet apart with single plants 12 to 15 inches apart in the 
rows, and the treatments were replicated four times. All crops were 
planted in the spring, and none was suckered. Records were obtained 
of the following : relative rate of growth, number of suckers per plant, 
plants with tassels, and plants with silks. The yield was determined 
in terms of marketable and unmarketable ears, and the marketable 
were of approximately U. S. No. 1 grade. After harvest the plants 
were cut and allowed to field-dry during July and August for dry- 
weight determinations of the stalks for the entire plot. 

Discussion and Results 

Wilting oj Plants : — Most vegetable plants grown in the field do 
not exhibit wilting under conditions of low soil moisture. As the mois- 
ture supply declines, a reduction in growth takes place first, and finally 
a cessation of growth. Usually a plant is able to absorb sufficient mois- 
ture from soil below the major root regions to remain turgid. Sweet 
corn plants growing under such conditions, however, exhibited several 
degrees of wilting. The plants on the dry plots showed the greatest 
rolling of leaves, but wilting was also noticeable in the plants on the 
wet plots a day or so after irrigating. This wilting occurred at about 
2 p m on hot days. Oregon Evergreen corn rooted somewhat deeper 
and showed less rolling of leaves than Golden Bantam (Fig. 1). The in- 
dications of insufficient water on the B treatment were unusual but 
perhaps could be explained by the rapid growth of corn near tasseling 
time. Rapidly growing com plants may transpire so fast that the roots 
are unable to obtain a sufficient volume of water to keep the leaves 
turgid. A somewhat similar condition has been noted on Irish potatoes 
— another crop with a shallow and limited root system. 

Si^e of Plant : — ^Tables I and II indicate that the relative weight 
and size of sweet corn plants are greatly affected by the amount of ir- 
rigation water. In all four experiments, the weight of the plant was 
proportional to the amount of irrigation water added (Pigs. 2 and 3). 
The same effects are noticeable in the successive height measurements 
shown in Fig. 4. As shown in both graphs, irrigation treatment made 
little difference in the height of young sweet corn, but at maturity the 
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TABLE I — Efffxt of Irrigation on the Growth of Golden Bantam 
Sweet Corn (1940 and 1941 )* 






Yield Per Plant 

Pounds Per 
Ear Market- 


Relative 

Inches 

of 

No. of 
Irnga- 
tions 

6 Doz 
Crates 
Market- 
able Bars 
Per Acre 

1 Marketable 

1 Ears 

Unmarket- 
able Ears 

able 

Dry 

Weight 

Per 

Plant 

(Lbs) 

ITnhusked 

1 

of Water 
Applied 

Water 

No. 

Lbs. 

No. 

Lbs. 

Husked 

None A I 

0.0 

0 1 

10.6 

I 94 C 

0.07 

0.03 i 

0.63 

0.09 

0.30 

0.17 

0.38 

Heavy B 

19,1 

7 

178.0 

1.18 

0.38 

1.06 

0.21 

0.32 

0,22 

1.06 

Medium C ' 

9.3 

3 ! 

140.7 

0.93 

0.30 ! 

1.72 

0.31 

0.31 1 

0.22 

0.93 

Light D 
L.S.D.t 
odds 19:1 

8,7 

3 

87.7 

0.58 

0.18 

1.42 

0.26 

0.31 

0.22 

0.74 

— 


56.0t 1 

0.37 

0.12 

0.32 

0.12 

N.S.t 1 

N.S.t 

0.16 

None A ' 

0.0 

0 

84.7 ! 

1942 

0.56 1 

0.21 

0.85 

0.20 

0.38 

0.23 

0.33 

Heavy B 

30.9 

6 

243.5 

1.61 i 

0.70 

1.88 

0.47 

0.43 

0.26 

0.81 

Medium C 

18.0 

3 

180.0 1 

1.19 

0.52 

1.56 

0.38 

0.43 

0.26 

0.62 

Light D 

12.2 

2 

145.2 

0.96 

0.42 

1.49 

0.36 

0.44 

0.24 

0.53 

L.§.D.t 
odds 19:1 





51.4 

0.34 ! 

0.33 

0.10 

0.05 

N.S. 

0.05 

0.09 


♦Date planted: Apr 17, 1940; Apr 24, 1941; harvested; Jnl 13 to 27, 1940; Jul 19 to 31, 194L 
tL.S.D.; Least significant diteence = odds 19:1. 

JN.S.; not significant. 


TABLE II — Effect of Irrigation on the Growth of Oregon Evergreen 
Sweet Corn (1940 and 1941 )* 






1 Yield Per Plant 1 

Pounds Per 










Ear Market- 





6 Doz 

Marketable 

Unmarket- 

able 

Dry 

Relative 

Inches 

No. of 

Crates 

Ears 

able Ears 


- 

Weight 

Amount 
of Water 

of 

Water 

Irriga- 

tions 

Market- 
able Bars I 



— 


1 

1 

Per 

Plant 

Applied 



Per Acre 





1 

(Lbs) 





No. 

Lbs. 

No. 

Lbs. 

1 

t 1 










P 




None A 

0.0 

0 

12,1 

I94C 

1 0.08 

) 

0.03 

0.67 

0.17 

1 0.40 

0.26 

0.62 

Heavy B 

22.2 

8 

166,4 

i 1.10 

0.65 

0.67 

0.22 

0.58 

0.37 

1.97 

Medium C 

10.3 

3 

167.9 

1.11 

0.57 

0.66 

0.21 

0.49 

0.34 

1.35 

Light D 
L.S.D. 

0.3 

2 

119.6 

0.79 

0.40 

0.83 

0.28 

0.50 

0.33 

1.22 

odds; 19:1 

— 

— 

30,2t 

0.20 

0.10 

N.S.t 

N.S.t 

N.S.$ 

N.S.t 

0.23 

None A i 

0.0 1 

0 1 

99.3 

X941 

0.65 

0.43 1 

0.82 

0.37 

0.67 

0.42 1 

0.66 

H^vy B 

37.9 

7 

201,2 

1.33 

1,03 

0.74 

0.33 

0.77 

0.68 

1.23 

Medium C 

X6.0 1 

3 1 

178.5 

1.18 

0.87 

0.70 

0.32 

0.74 

0.48 1 

i.oa 

Lmht D 
LB.D. 

X1.9 ' 

2 

145.2 

0.96 

0.72 

0.94 

0.39 

0.75 

0.49 < 

0.96 

odds: X9;X 

— 


21.1 

0.14 

0.19 

N.s.t : 

N.S.t 

N.S,t 

0.10 

0.20 


♦Date plated: Apr 17, 1940; Apr 2, 1941; harvested; Aug 20 to Sep 2, 1940; Aug 4 to 11, 1941. 
tLJS.D.; least significant ditterence *= odds 19:1. 

:fN.S.: not significant. 


height of the corn plant was roughly proportional to the amount of 
water applied. The eifect of insufficient water on growth can be noticed 
within 30 to 40 days after planting. 

A count was made at successive dates (1940) of the number of 
suckers per plant. When the nonirrigated plants (A) and amply ir- 
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Fla 1. AplW>^ of ‘ Bantam (upper), and Or^on Evergreen 

’ dn Jtme 10. B is the wet treatment Golden Bantam shows 

toHitjg of ttue loaves indicatiijg a shallower root system. 


Fig, 2. The relative growth of non-irrigated (A) and wet treatment (B) 
sweet corn of the Golden Bantam variety. Note the variation in the size 
of plants on the non-irrigated plot. 

rigated plants (B) were compared, there were always more suckers 
oti the irrigated plants than on the ponirrigated. These averages foi 
the 1940 experiments were 2.7 suckers per plant on the dry treatment 
and 3.5 suckers on the wet treatment for Golden Bantam; and l.( 
suckers versus 2.0 suckers for Oregon Evergreen. A count was made 
of the number of tassels per plant both in 1940 and 1941. In 194( 
Golden Bantam averaged 2.6 tassels per plant on the A treatment com- 
pared with 3.9 tassels on the wet treatment (B) ; similarly, Oregoi 
Evergreen averaged 1.5 tassels per plant versus 2.1, The results ob- 
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Fig. 3. The relative growth of noa-irrigated (A) and wet treatment (B) 
sweet com of the Oregon Evergreen variety. 
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tained in 1941 indicated the same tendency. In the IS comparisons 
made, only one dry treatment had more tassels per plant than the wet 
treatment. Similar results were obtained in the number of ears with 
silks. In all IS comparisons there were always more ears with silks on 
plants of the wet treatment. The relative values per plant for A and B 
treatments and Golden Bantam were 0.9 to 2.4 in 1940, and 1.8 to 4.2 
in 1941. Similar data for Oregon Evergreen were 1.4 to 2.2 in 1940, 
and 1.6 to 2.2 in 1941. 

W eight of Corn : — ^The average increase in yield from irrigation in 
these five experiments was 2,281 per cent. This was the greatest in- 
crease obtained for any crop in studies at Davis ; and may be compared 
with 35 per cent obtained from averaging five deep-rooted crops. The 
data in Tables I and II give the relative amount of irrigation water 
added, the number and pounds of marketable ears per plant. Many of 
these differences are significant at the 5 per cent level. Both varieties 
gave gi-eater yields in 1941 than in the previous year. Few ears were 
produced on the nonirrigated plots ; these were usually poorly filled 
with grains, and marketable ears were rare. 

Sise of Ear : — The data on ear size recorded in Tables I and II are 
limited to marketable ears, and do not exhibit as great differences in 
size of ears as might be expected. The average weight of all ears per 
treatment is not greatly different but the nonirrigated treatment always 
produces the smallest ears. If the weight of edible corn had been com- 
pared, rather than the weight of corn, cob, and husk, it is believed the 
differences between treatments would have been greater. 

Composition of Corn : — The data in Table III indicate that irrigation 
treatments have affected the composition of the corn kernels. Insuf- 


TABLE III — Composition of Kernels From Irrigated Sweet Corn 


Treatment: 
Amount of 
Irrigation 

Per Cent Dry Matter 

Golden Bantam — Per Cent 

Oregon 

Evergreen 

Golden 

Bantam 

Sucrose 

Total 

Sugars 

Soluble 

Nitrogen 

Total 

Nitrogen 

A — none 

31.8 

34.4 

3.2 

3.6 

0.34 

0.31 

0.79 

B — heavy 

28.9 

31.4 

2.9 

3.3 

0.72 

C — flight 

31.5 

32.5 

3,0 

3.3 

0.33 

0.76 


ficient soil moisture increased the percentage of dry matter as well as 
its various constituents, such as sugars and nitrogen. These results 
are similar to those obtained by Miller and Duley (6) for field corn. 

Summary 

The growth of sweet corn is greatly reduced by insufficient soil mois- 
ture as measured by yield of marketable ears, size of plant, and dry 
matter produced. The size of marketable ears is only slightly smaller 
but many ears were of no market value when the moisture supply 
was limited. The leaves of a corn plant roll with insufficient soil mois- 
ture, and growth may be so rapid that this condition exists for a short 
period each day on plants receiving ample applications of irrigation 
water. 
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A Device for Handling Small Experimental 
Seed Lots on a Gravity Separator 

By L, R. Hawthorn, L. H. Pollard, and R. P. Draper, f/. 6'. 
Department of Agriculture and the Utah Agricultural Ex- 
periment Station, Logan, Utah, 

O NE OF THE problems of conducting experiments in the production 
of vegetable seed is handling small lots of seed by methods com- 
parable to those used by commercial producers. For example, in some 
of the experiments now being conducted at the Utah Agricultural Ex- 
periment Station with carrots, lettuce, and onions, many different cul- 
tural treatments are being tried. In these the yield of re-cleaned seed 
is an important criterion, and thus it is desirable that the seed not only 
be threshed by commercial methods, but be subjected as nearly as pos- 
sible to the same processes through which it would go in a commercial 
seed house. The problem of threshing these small lots has been solved 
by the development of a small type threshing machine capable of hand- 
ling over a hundred different seed crops (1). Except for one of the 
last operations used by modern seedsmen, cleaning small lots of seed 
has in some ways been easier, as small fanning mills and screen sepa- 
rators have been available for many years. However, so far as is known, 
there is not available any small equipment comparable to the modern 
gravity separator used by most seedsmen today. It is possible that one 
may be able to clean seed by using hand sieves and similar small type 
equipment, but the final yield is not likely to be the same as though the 
seed were run through larger power-operated machines. This problem 
has been solved by the authors through the development of an accessory 
frame which when attached to the deck of a gravity separator makes it 
possible to clean successfully amounts of seed less than pound as 
compared to the several pounds of uncleaned seed normally left on the 
deck of even the smallest machines. In many gravity separators this 
irreducible remainder may be 10 pounds or more. 

During the operation of a gravity separator, a uniform layer of mov- 
ing seed must extend over the entire surface of the deck. The shaking 
of the deck, its tilt, and the stream of air that comes up through it, 
separates the seed on the basis of weight, the heavier seed moving to- 
ward the upper edge and the lighter material moving toward the lower 
area of the deck. However, to obtain satisfactory separation there must 
be both a uniform layer of seed and a sufficient time lapse for the 
separations to occur before the seed falls from the deck into the various 
chutes or bags placed along one side. It has been generally thought that 
the separations would not take place satisfactorily on any deck smaller 
than the smallest commercial machines now made. However, it is a 
fact that excellent separations have been made by using the Deck Re- 
ducer frame developed in the Seed Cleaning Laboratory at the Utah 
Station. This frame, as the name suggests, actually reduces the area 
over which the seed travels and within which the various separations 
occur. 

As Fig. 1 shows, the reducer frame approximately duplicates on a 
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smaller scale the proportions of the original deck. It is estimated that 
the cost of materials should not exceed $2 in any section of the country, 
and a competent carpenter or handy man could make the entire frame 
within a few hours. It can be attached to a commercial machine within 
a few minutes with a few turns of several wing nuts. The method of 
attachment, of course, might necessarily vary somewhat, depending 
upon the make of machine. 



Fig, 1. The deck reducer in place. The ledge marked R is at the rear of the 
full commercial sized deck. The ledge in front of it is at the rear of the re- 
duced deck, and the seed separation takes place mostly in the triangle in 
center foreground. 

The data in Table I indicate both the smallness of the samples which 
can be cleaned and the irreducible amounts of uncleaned seed left on 
the deck. 

TABLE I — Comparison of Quantities of Seed Remaining on a Deck 
OF a Small Gravity Separator When Used With and Without Deck 
Reducer 


Crop 

Deck Size 
Used 

Number of 
Replications 

Weight of Seed, Including 
Foreign Material (Lbs) 

Ratio 

Between 

Remainders 

Initial 

Uncleaned 

Average Irre- 
ducible 
Remainder 

Carrot 

Full size 

6 

14.000 

3.58 ±0.27 



Reduced 

6 

0.220 

0.06 ±0.0 13* 

60:1 

Onion 

Pull size 

1 

13.25 

1.75 



Reduced 

6 

0.22 

0.05 ±0.011* 

35:1 

Lettuce 

Full size 

3 

5.42** 

2.41 



Reduced 

6 

0.22 

0.09 ±0.020 

27:1 


♦The odds are 19:1 that remainder would be within these limits. 
♦♦Average of three lots ranging from 4.25 to 7.75 pounds. 


Since the deck reducer was designed and first tested many weeks 
after most of the seed of onions and lettuce had been cleaned, the limited 
quantity of seed available for the tests contained more chaff and other 
light weight material than is normally found in seed ready to be run 
over a gravity machine. Thus, the irreducible amounts of 1.75 and 2,41 
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pounds of onions and lettuce, respectively indicated in Table I as being 
left on the full size deck, are probably much below the normal weight 
which would usually remain. With the carrot there was plenty of seed 
available to test, and in addition it was typical of the material ready for 
cleaning on a gravity separator. 

In spite of these drawbacks to the data for onions and lettuce, if is 
obvious that the deck reducer still made it possible both to clean and 
have left on the deck extremely small quantities of seed. The ratios 
l)etween remainders left on the standard and reduced decks were 60 :1, 
35 :1, and 27 :1 for carrot, onion, and lettuce seed, respectively. For 
those who are not familiar with the gravity machine it should be pointed 
out that the irreducible remainder would be approximately the same, 
irrespective of the initial uncleaned weight, provided all the other con- 
ditions (the actual seed lot, size, type, and adjustment of machine) were 
the same. Normally a seedsman using the full deck would commence 
his operations with much more seed than 14 pounds of carrot or 4 
pounds of lettuce. The weight would more likely be up in the hundreds 
of pounds. Likewise, when using the deck reducer, the initial weight 
of seed could be more than % pound. Actually, any weight from that 
amount up to 4, 5, or 6 pounds could be handled conveniently, but the 
irreducible remainders would approximate those obtained in the tests. 
Since the deck reducer can be installed within a few minutes, it is 
possible, of course, when using the full deck to sweep the remaining seed 
from the deck at the end of a run, install the reducer, pour the seed 
into it, and within a few minutes have a much smaller uncleaned rem- 
nant. In other words, for all practical purposes by the simple installation 
of the deck reducer at the end of the full deck run, any of the six 14- 
pound lots of carrot seed listed in Table I could easily have been cleaned 
to the point where much less remained on the reduced deck. In seed 
production studies where it is desirable both to clean the seed by com- 
mercial methods and to determine accurately the weight of cleaned seed, 
the deck reducer can be of inestimable value. For the worker handling 
stock seed, whether seedsman or researcher, the device offers an op- 
portunity to clean small quantities of seed to a point where they will 
handle easily in any planter and look acceptable to the contract grower. 

Anyone who would like to have a large scale diagram showing the 
construction of the reducer in detail, together with suggestions for in- 
stallation on various machines, can obtain a copy free of charge by 
writing the authors directly. Instructions for the operation of the re- 
ducer will also accompany the diagram. 
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Factors Affecting the Objective and Organoleptic 
Evaluation of Quality in Sweet Corn^ 

By Amihud Kramer and R. B. Guyer, University of Maryland, 
College Park, Md., and L. E. Ide, U. S. Department 
of Agriculture 

T he quality of sweet corn that is consumed in the fresh, frozen or 
canned state is determined primarily by the degree of succulence, 
the quantity and toughness of the pericarp, and flavor. 

The consumer who purchases corn in the raw state must, of neces- 
sity, buy entirely on the basis of external appearance so that aside from 
such factors as size of ear and freedom from insect damage his selec- 
tion is made primarily on the basis of the appearance of freshness. It 
may be expected, therefore, that in the case of first purchases especial- 
ly, the consumer will select ears that have well-filled but not dented 
kernels. This dented appearance may be due to a delay in the harvest- 
ing of the corn, or a prolonged holding period of the corn after har- 
vesting. 

Repeat purchases of fresh corn and corn for canning and freezing 
involve the other factors of pericarp and flavor as well as succulence. 
Pericarp content is a varietal characteristic which is modified by the 
stage of maturity. Haber (6) has shown that the pericarp content of 
corn in the dry state may vary from 4.76 per cent for Golden Cross 
Bantam to 8.34 per cent for Stowell Evergreen. Kramer (8) found 
that very young Country Gentleman corn contains 1.88 per cent peri- 
carp while mature Country Gentleman contains 4.13 per cent pericarp. 
Similarly, very young Golden Cross Bantam corn contained 1.38 per 
cent pericarp while more mature Golden Cross Bantam corn contained 
2.28 per cent pericarp. Bailey and Bailey (3) indicate that the peri- 
carp becomes thinner and harder as the corn matures. 

The problem of flavor is a difficult one, both from the standpoint of 
definition as well as objective measurement. Chemical composition is 
important. Sugar content is by no means all that needs to be con- 
sidered. As early as 1923, Appleman (1) emphasized sugar-starch 
ratio; Culpepper and Magoon (5) stated that high sugar content does 
not always mean high flavor, and suggested that the ratio of water 
soluble to total polysaccharides may affect quality as well as the com- 
pactness with which the polysaccharides are laid down and the cellular 
structure of the endosperm itself. 

Since succulence, pericarp content and flavor were considered to be 
closely correlated and primarily influenced by the stage of maturity 
(7), many attempts have been made to measure by a single test the 
over-all quality of sweet corn for canning. The various moisture tests 
(10, 11), as well as the succulometer test (9), may be considered to be 
primarily measures of succulence, being measures of other factors only 
to the extent that they are correlated with succulence. The puncture 

^Scientific publication No. A242, Contribution No. 2176, of the Maryland 
Agricultural Experiment Station (Dept of Horticulture), Partial support from 
Regional Hope-Flanagan funds, Project NEM 3. 
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test (4) and the pericarp test (8) may be considered tests of pericarp 
toughness and content, respectively. Measurements of refractive index 
(12) may be considered to be tests of flavor since they measure the 
soluble solids content which consists primarily of sugars. 

Since all of these factors of succulence, pericarp and flavor are af- 
fected not only by the stage of maturity of the sweet corn, but also by 
varietal differences and conditions of storage of the raw product, these 
studies were designed to cover these variables as they would be found 
under commercial conditions in the field, the factory yard, or the 
market and retail outlets. 

Materials and Methods 

The following varieties were planted in the summer of 1948 at the 
Plant Research Farm of the University of Maryland : Seneca Chief, a 
high quality golden sweet corn used primarily for fresh market pur- 
poses ; Golden Cross Bantam and loana, two commonly-used varieties 
for the fresh market as well as for canning; Country Gentleman, 
representing the shoe-peg type of white corn; and Narrowgrain Ever- 
green, representing the large kernel type of white corn. The yellow 
varieties were harvested three times, representing very young, young, 
and nearly mature stages of maturity. The white varieties were har- 
vested twice, representing very young and nearly mature stages of 
maturity. As each lot was harvested, it was brought into the laboratory 
where a sample was removed for immediate analysis. The remaining 
material was divided into five lots. Four of these lots were placed in 
chambers where the temperature was held at 35, 50, 70, and 88 F, de- 
grees, respectively. The fifth lot was held in lug boxes and covered 
with about 4 inches of crushed ice. The ice was added as needed dur- 
ing the entire storage period. A sample was removed from each 
storage chamber 1 day, 3 days, 5 days and 7 days after harvest, for 
analyses. 

Each sample was first husked. Nubbins and badly damaged ears, 
were discarded and not included in the analyses. A 20-ear lot was re- 
moved for the raw grade determination, which was made by a United 
States Department of Agriculture grader who modified the official 
method, as follows: each ear was placed in one of five categories; 
categories 1 to 3 covering the range equivalent to U.S. No, 1, and 
categories 4 and 5 which were too mature to meet the requirements for 
U.S. No. 1. The per cent of ears falling into each category was cal- 
culated. The percentage of ears which fell into each grade was multi- 
plied by the number of the grade. These products were then totalled 
to give one single value for the raw grade. 

The kernels were cut from the remaining ears, care being taken not 
to add any external moisture ; a succulometer reading was obtained in 
duplicate, and a sample removed for moisture determination by the 
official vacuum oven method. Pericarp determinations were made, as 
follows : 

1. Blend 100 grams of kernels with about 200 ml water in a War- 
ing blendor for 5 minutes. 
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2. Weigh 50 grams of the above blend and wash through a 30- 
mesh screen, using liberal quantities of water, until all of the 
comminuted material has gone through the screen and only the 
shredded pericarp remains on the screen. 

3. Dry the screen and pericarp at 100 degrees C for 2 hours and 
weigh. 

4. Flame the screen until the organic material has been destroyed, 
cool, and weigh. 

5. The weight of the screen plus dry sample, minus the weight of 
the flamed screen, multiplied by four, equals per cent pericarp. 

The remaining kernels vrere blanched in water for 2j4 minutes at 
190 degrees F, filled into cellophane-lined containers, frozen at —20 
degrees F, and stored until tested at 0 degrees F. When used for or- 
ganoleptic determinations, they were cooked for 12 minutes in boiling 
water. 

The organoleptic determinations were made on this frozen material 
because it was considered practically impossible to compare closely the 
quality of the samples over a long period of time. These organoleptic 
determinations on the frozen product, on the other hand, provided the 
opportunity of grading all of the samples at the same time. Scores for 
succulence, skin character (pericarp), and flavor were recorded sepa- 
rately by a panel of six judges w^ho scored each factor on the basis of 
1 to 10. In the case of succulence, it was recognized that it is possible 
to obtain material that is entirely too watery and thus lacking in body. 
Hence, the value of 8 was agreed upon as being optimum for suc- 
culence, 9 being too young, and 10 entirely too watery. For the factor 
of pericarp and flavor, 10 indicated the best quality, and 1 the poorest. 

Discussion of Results 

The data in Table I show the extent of agreement between the 
various objective and organoleptic methods for measuring quality. 
The extremely high correlation of .92 between moisture content and 


TABLE I — Correlation Coefficients Between Objective and Or- 
ganoleptic Evaluations of Quality Factors (Samples of All Varie- 
ties Included)* 


Evaluation 

Objective 

Organoleptic 

Moisture 
(Per Cent) 

Succulom- 

eter 

(Cc) 

Pericarp 
(Per Cent) 

Raw 

Grade** 

Succu- 

lencef 

Skin 

Charac- 

terf 

Flavorf 

Moisture (per cent) . 
Succulometer (cc) . . . 
Pericarp (per cent) . 

Raw Grad^ 

Succulencef 

Skin Characterf 

Flavorf 

0.92 

0.66 

0.93 

0.86 

0.83 

0.66 

0.92 

0^66 

0.88 

0.87 

0.79 

0.71 

oooo 1 oo 

0.93 

0.88 

0.65 

oTii 

0.87 

0.78 

0.86 

0.87 

0.70 

0.88 

0^ 

0.83 

0.83 

0.79 

0.76 

0.87 

0.96 

0.73 

0.66 

0.71 

0.69 

0.78 

0.83 

0.73 


*260 samples for which all the analyses were available were used. All correlation coefRcients 
than O.XS are significant at the 1 per cent level. 

**Determined from a calculation of grades as provided by United States Department of Agri- 
culture grader for raw corn. * 

tProvided by a panel of judges who scored each sample for the three quality factors. 
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succulometer values indicates that these two methods measure very 
much the same thing and may, therefore, be used interchangeably. The 
extremely high correlation between moisture content and the grade of 
the raw material is very significant in several respects. First, it shows 
that either moisture determination or succulometer determination is 
very closely correlated with the official grades for fresh corn. Second- 
ly, this may indicate that the official graders of fresh corn consider 
succulence as the outstanding factor of quality. It may also be assumed 
from this high correlation that, in general, the consumer of fresh corn 
makes his preference on the basis of succulence rather than tenderness 
or flavor. The moisture determination was closely correlated with 
organoleptic determinations for succulence and skin character on the 
frozen samples, but not with flavor. Therefore, it may be concluded 
that moisture determination is not a good measure of flavor under 
certain conditions. Since the correlations for succulence and skin 
character were definitely lower than the correlation for raw grade, it 
may also be assumed that under certain conditions moisture deter- 
mination may not be entirely satisfactory in measuring succulence and 
skin character. The correlation between moisture content and per cent 
pericarp was also significantly lower, indicating that these two tests 
do not measure the same thing under certain conditions. 

The correlations between succulometer values and the other tests 
are very similar to the correlation between moisture and other tests, 
thus again indicating that the succulometer values may be used inter- 
changeably with moisture values. The pericarp test was not as accurate 
in predicting the raw grade or the organoleptic rating of succulence as 
were succulometer and moisture, but was about equal to the other 
tests for measuring skin character and flavor. 

In comparing the organoleptic grades with each other, the correla- 
tion of .96 between succulence and skin character is indicative of the 
probability that the judges were influenced to an excessive degree 
by their rating for succulence when deciding on the rating for skin 
character. 

In attempting to account for some of the lack of agreement among 
these various tests, the data were analyzed statistically by the analysis 
of variance. This method makes it possible to show the effect of the 
various factors on the test values, and also makes it possible to study 
the simultaneous effects of these factors in combination. The data for 
the golden sweet corn varieties are presented in Table II. It is obvious 
that the stage of maturity as indicated by date of harvest exerts a tre- 
mendous influence on all of the tests, but does not appear to be quite 
as important for flavor as for the other tests. Thus, where there are 
large differences between the first and second harvest as measured by 
other tests, in respect to flavor, the corn from the first harvest was 
only a little better than that of the second harvest. 

The factor of duration of storage had a significant effect on all of the 
tests, but seemed to be relatively more important for pericarp and the 
organoleptic measures of skin character and flavor. Thus, the increase 
in pericarp content from 1.80 per cent to 2.72 per cent was almost equal 
to that resulting from delay in harvest, whereas the change in moisture 
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content was only 3.5 per cent after 7 days’ storage, compared to 13.8 
per cent loss resulting from delayed harvest. 

The factor of temperature of storage was generally somewhat less 
important than the factor of duration of storage, especially for all of 
the organoleptic measures. 

The factor of variety was of some importance. However, no conclu’ 
sions as to relative merit may be drawn, since the different varieties 
were not necessarily harvested at exactly the same stage of maturity. 
Since the organoleptic evaluations appeared to be affected about the 
same way as the objective measures, it appeared that the varietal fac- 
tor as among the yellow varieties was not very important in reducing 
the degree of correlation among the tests. 

The analysis of variance for the white corn varieties is given in 
Table III. Here again, the stage of maturity as indicated by date of 
harvest is the most important factor and, again, is less important in 
the case of flavor. Also, as with the golden corn, temperature of stor- 
age is not quite as important as duration of storage. Regarding tlie 

TABLE II — Sweet Yellow Corn — ^Effect of Varieties, Date of Har- 
vest, Duration and Temperature of Storage, on Objective and 
Organoleptic Measurements op Quality Factors (College Park, 
1948) 



Objective Measures 

Organoleptic Measures 


j 

Moisture 
(Per Cent) 

Succulom- 

eter 

(Cc) 

Pericarp 
(Per Cent) 

Raw- 

Grade 

Succu- 

lence 

Skin 

Charac- 

ter 

Flavor 


Main Order Effects 

1. Date of Harvest 


1st harvest . , , 

75.6 

22.1 

1.77 

7.6 

7.6 

7.6 

5.7 

2nd harvest .... 

68.7 

18.6 

2.28 

5.6 

6.1 

6.3 

5.0 

3rd harvest .... 

61.8 

11.7 

2.74 

3.6 

3.3 

3.7 

3.2 

L.S.D 

0.56 

0.48 

0.082 

0.19 

0.22 

0.19 

0.20 

F value. ...... 

1339.9 

1000.2 

281.5 

877.6 

811.6 

061.1 

102.0 

2. Duration, of Storage (Days) 

0 1 70.7 

19.7 

1.80 

6.8 

7.0 

7.2 

6.1 

1 

69.3 

18.2 

2.13 

6.4 

6.0 

6.6 

4.9 

3 

68.2 

16.5 

2.22 

6.6 

5.4 

6.8 

4.7 

5 

67.3 

16.4 

2.48 

4.9 

4.9 

5.0 

3.9 

7 

67.2 

16.3 

2.72 

4.6 

4.6 

4.7 

3.6 

L.S.D 

0.72 

0.61 

0.106 

0.25 

0.27 

0.22 

0.34 

F value 

33.2 

47.3 

87.7 

111.7 

97.4 

146.0 

145.2 

3. Temperature of Storage (Degrees F) 

35 1 69.0 I 18.4 

1 1.97 

6.0 

1 6.3 

6.5 

5.6 

60 

68.6 

17.3 

2.15 

5.6 

5.8 

6.2 

5.1 

70 

68.0 

16.4 

2.44 

5.3 

6.2 

6.5 

4.1 

88 

66.S 

16,0 

2.70 

4.9 

6.0 

6.2 

4.0 

Iced. 

70.2 

19.0 

2.08 

6.2 

6.8 

6.9 

4.4 

L.S.D 

0.72 

0,61 

0,106 

0.25 

0.27 

0.22 

0.34 

F value 

24.8 

35,3 

63.2 

38.4 

30.7 

39.9 

39.9 

4. Varieties 

Seneca Chief. . . 

71.2 

19.6 

2.08 

6.2 

6.3 

6.4 

4.9 

Golden Cross 
Bantam 

66.7 

16.5 

2.27 

5.3 

5-1 

5.6 

4.6 

loana 

67.7 

16.2 

2.45 

5.4 

6.4 

6.6 

4.4 

L.S.D 

0.56 

0.48 

0.082 

0.19 

0.22 

0.19 

0.26 

F value 

143.6 

115.0 

39.5 

54.3 

62.2 

61.9 

5.66 
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Objective Measures 

Organoleptic Measures 

Days 

Moisture 
(Per Cent) 

Succulom- 

eter 

(Cc) 

Pericarp 
(Per Cent) 

Raw 

Grade 

Succu- 

lence 

Skin 

Charac- 

ter 

Flavor 


Interactions 


I X 2 — Dates of Harvest by Duration of Storage 


1st 

0 

78.2 

24,5 

133 

9.0 

8.6 

8.8 

7.3 


1 

76.4 

22.6 

1.61 

8.8 

7.8 

8.5 

6.3 


3 

75.7 

21.7 

1.74 

7.8 

7.3 

7.4 

5.5 


5 

73.4 

21,3 

2.03 

6.7 

6.9 

6.9 

4.7 


7 

74.5 

20.3 

2.15 

5.9 

6.6 

6.6 

4.7 

2nd 

0 

71.1 

20.8 

1.89 

7.0 

7.2 

7.6 

6.9 


1 

68.5 

19.7 

2.26 

6.2 

6.9 

7.0 

5.1 


3 

68.5 

17.7 

2.07 

5.3 

6.1 

62 

5.0 


5 

68,2 

17.2 

2.39 

4.7 

5.4 

5.6 

4.3 


7 

67.3 

17.4 

2.82 

4.6 

4.9 

4.9 

3.5 

3rd 

0 

62.7 

13.9 

2.16 

4.3 

5.3 

5.1 

4.0 


1 

62.9 

1 12.2 

2.51 

4.0 

3.3 

4.2 

3.3 


3 

60.4 

1 10.2 

2.85 

3.3 

2.9 

i 3.7 

3.6 


5 

60.2 

10 8 

3 03 

3.3 

2.4 

2.6 

2.8 


7 

60.0 

11.2 

3.18 

3.3 

2.4 

2.7 

2.4 

L.S.D. 


1.24 

1.06 

0.183 

0.42 

0.48 

0.41 

0.59 

F value 


2.85 

1.61- 

1 3.72 1 

10.8 

4 34 

1.83- 

4.25 

I X J— 

Dates of Harvest by Temperatures of Storage 





Har- j 

Degrees F 








vest 




i 





1st 

35 

75.6 

23.1 

1.49 

8.1 

7.9 

8.2 

6.9 

50 

75.5 

21.7 

1.70 

7.7 

7.5 

8.0 

6.0 


70 

75.4 

20.9 

1.90 

7.2 

7.2 

7.3 

5.2 


88 

73.7 

20.1 

2.21 

6.6 

6.7 

6.8 

5.0 


Iced 

77.9 

24.4 

1.56 

8.4 

7.9 

7.9 

5.6 

2nd 

35 

09,6 

19.7 

1.98 

6.1 

6.9 

7.0 

6.0 

50 

68.9 

18.4 

2.19 

5.5 

6.4 

6.5 

5.7 


70 

67.7 

16.9 

2.58 

5.2 

5.4 

5.7 

4.2 


88 

67,3 

17.3 

2.56 

4.8 

5.5 

5.7 

4.5 


Iced 

70.3 

20.4 

2.10 

6.2 

6.2 

6.4 

4.5 

3rd 

35 

62.0 

12.3 

2.43 

3.9 

4.1 

4,3 

3.8 

50 

61,4 

11.6 

2.57 

3.8 

3.5 

4.0 

3.6 


70 

61.0 

11.5 

2.84 

3.5 

3.0 

3.5 

3.0 


88 

59.4 

10.6 

3.31 

3.2 

2.6 

3.0 

2.6 


Iced 

62.5 

12.3 

2.58 

3.9 

3,2 

3,4 

3.0 

L.S.D. 


1.24 

1.06 

0,183 

0.42 

0.48 

0.41 

0.59 

F value 


1.06- 

2.83 

2.18 

2.04 

1.69- 

1.77- 

1.54 
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TABLE \l— {Concluded) 


Variety 

Obje 

ctive Mea 

sures 

0 

rganolepti 

c Measur 

es 

Mois- 

ture 

(Per 

Cent) 

Succu- 

lometer 

(Cc) 

Pericarp 

(Per 

Cent) 

Raw 

Grade 

Succu- 

lence 

Skin 

Charac- 

ter 

Flavor 


2 X 4 — Duration of Storage by Varieties 


0 

Seneca Chief 

73.0 

21.7 


GXB 

69.3 

18.5 


loana 

69.8 

18.8 

1 

Seneca Chief 

71.5 

20.1 


GXB 

68.0 

17.4 


loana 

68.4 

17.0 

3 

Seneca Chief 

71.1 

18.5 


GXB 

66.3 

15.6 


loana 

67.3 

15.5 

5 

Seneca Chief 

70.2 

18.5 


GXB 

65.2 

16.0 


loana 

66.3 

14.8 

7 

Seneca Chief 

70.2 

18.6 


GXB 

64.9 

15.2 


loana 

66.6 

15.0 


L.S.D. 

1.24 

1.06 


F value 

0.91^ 

0.63- 

J X 4— 

Temperature of Storage by 

Varieties 

De- 

Variety 



grees F 




35 

Seneca Chief 

71.4 

20.2 


GXB 

67.5 

17.8 


loana 

68.3 

17.1 

60 

Seneca Chief 

71.4 

19.3 


GXB 

66.2 

16.0 


loana 

68.1 

16.5 

70 

Seneca Chief 

70.8 

18.8 


GXB 

65.8 

15.5 


loana 

67.4 

16.0 

88 

Seneca Chief 

70.1 

18.6 


GXB 

64.9 

14.9 


loana 

65,5 

14.6 

Iced 

Seneca Chief 

72.4 

20.7 


GXB 

69.3 

18.5 


loana 

69.0 

18.0 


L.S.D. 

1.24 

1.06 


F value 

1.72- 

1.09- 


1.70 

7.0 

7.6 

7.6 

6.3 

1.67 

6.6 

6.3 

6.7 

6.4 

2.02 

6.6 

7.7 

7.1 

5.6 

2.02 

6.9 

6.6 

7.1 

5.0 

2.11 

5.9 

5.5 

6.3 

5.1 

2.24 

6.1 

6.0 

6.3 

4.8 

2.02 

6.2 

6.1 

6.6 

5.3 

2.24 

5.1 

5.2 

6.6 

4.5 

2.39 

5.1 

5.0 

5.1 

4.4 

2 19 

5.7 

5.9 

5.9 

4.3 

2.62 

4.5 

4.5 

4.8 

3.5 

2.62 

4.5 

4.3 

4.6 

3.9 

2.47 

5.0 

5.1 

5.1 

3.5 

2.72 

4.2 

4.2 

4.5 

3.6 

2.96 

4.5 

4.6 

4.5 

3.5 

0,183 

0,42 

0.48 

0.41 

0.59 

2.31 

7.36 

2.78 

3.04 

2.17 


1.81 

6.6 

6.9 

7.1 

5.8 

2.00 

5.7 

6.8 

6.2 

5.4 

2.10 

5.9 

6.3 

6.3 

5.5 

1.98 

6.2 

6.6 

6.9 

5.3 

2.14 

5.2 

5.2 

6.7 

4.9 

2.34 

6.5 

5.7 

5.9 

5.0 

2.28 

5.8 

6.0 

6.2 

4.5 

2.42 

4.9 

4.7 

5.3 

4.3 

2.62 

5.2 

4.9 

5.0 

3.6 

2.42 

5.6 

6.6 

5.7 

4,2 

2.72 

4.6 

' 4.7 

5.1 

4.1 

2.95 

4.4 

4.6 

4.7 

3.7 

1.92 

6.6 

6.3 

6.4 

4.5 

2.08 

6.0 

5.3 

5.6 

4.3 

2.23 

6,9 

5.7 

5.7 

4.3 

0.183 

0.42 

0.48 

0.41 

0.69 

0.64- 

1.00- 

0.88- 

0.90- 

0.98- 


varieties, however, there is a very significant difference between the 
two white varieties as measured by the objective methods, but no sig- 
nificant difference as measured by the organoleptic methods, thus 
indicating that the factor of varieties is very important in reducing 
what might otherwise be a very high correlation. On the average, it 
appears that the Country Gentleman variety may contain considerably 
less moisture, a lower succulometer value, and a higher pericarp 
content, and yet rate equal to the Narrowgrain variety organolepti- 
cally. 

Thus, in summarizing the main effects of the four variables, it ap- 
pears that the factor of date of harvest is by far the most important 
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factor affecting objective values of moisture and succulometer, and 
organoleptic values for raw grade, succulence and skin character. The 
duration of storage is also important, but in its effect on pericarp con- 
tent and organoleptic evaluation of flavor it approaches in importance 
the effect of date of harvest. The effect of temperature is generally less 
important than that of duration of storage. The varietal effect is dis- 
played primarily among varieties of white corn where the Country 
Gentleman variety may equal Narrowgrain Evergreen organoleptical- 
ly, but appears considerably poorer as measured objectively. 

The interactions (that is, the simultaneous effect of more than one 
of the above main effects) for the yellow samples are presented in 
Table II, and those for the white varieties in Table III. Although 
many of the interactions are significant, only the important ones will 
be discussed. The interaction between dates of harvest and duration 
of storage, for example, exerts considerable effect on the raw grades 

TABLE III — Sweet White Corn — ^Effect of Varieties, Date of Har- 
vest, Duration and Temperature of Storage, on Objective and 
Organoleptic Measurements of Quality Factors (College Park, 
1948) 


Objective Measures Organoleptic Measures 


Mois- 

ture 

(Per 

Cent) 

Succu- 

lometer 

Pericarp 

(Per 

Raw 

Succu- 

Skin 

Charac- 

(Cc) 

Cent) 

Grade 

lence 

ter 


Flavor 


Main Order Effects 

1. Date of Harvest 


1st harvest 71.9 19.6 2.71 6.98 6.45 6.07 4.89 

2nd harvest 64.4 14.1 3.95 4.56 4.29 3.60 3.45 

L.S.D 0.67 0.63 0.12 0.22 0.19 0.27 0.26 

Rvalue 503.95 307.53 462.24 462.09 534.78 343.22 121.62 

2. Duration of Storage {Days) 

0 71.4 19.4 2.77 7.31 7.10 6.70 6.20 

1 69.0 17.2 3.09 6.42 6.05 5.59 4.42 

3 68.2 16.1 3.17 5.42 5.36 4.81 4.22 

5 66.3 15.7 3.89 4.89 4.06 3.42 3.02 

7 66.6 15.8 3.74 4.72 4.27 3.67 2.99 

L.S.D 1.06 l.eO 0.18 0.36 0.29 0.42 0.41 

Rvalue 20.84 19.18 52,58 76.20 146.27 83.54 80.51 

3. Temperature of Storage {Degrees F) 

35 68.3 17.1 2.85 6.09 6.01 5.68 4.96 

50 68.6 16.5 3.02 6.08 5.94 5.39 4.66 

70 68.0 16.8 3.64 5.66 4.95 4,86 3,70 

88 66.2 14.9 4.18 4.59 4.28 3.82 3.27 

Iced 69.6 19.0 2.98 6.40 6.66 4.94 4.26 

L.S.D 1.06 1.00 0.18 0.36 0.29 0.42 0.41 

R value 11.03 17.42 76.10 31.55 49.84 25.74 22.21 


4. Varieties 

Country Gentleman.... 66.3 15.9 3.62 5.72 6.32 5.00 4,05 

Narrowgrain Evergreen 69.9 17.9 3.05 6.80 5.41 4.68 4.29 

L.S.D 0.67 0.63 0.12 0.22 0.19 0.27 0.26 

p value 117.05 40.41 96.47 0.34 0.82 6.82 3.24 
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Har- 

vest 


Days 


TABLE lll—iCoitfiitued) 


Objective Meas 

iures 

C 

)iganolepti( 

D Measures 


Moisture 
(Per Cent) 

Succulom- 

eter 

(Cc) 

Pericarp 

(Percent) 

Raw 

Grade 

Succu- 

lence 

Skin 

Charac- 

ter 

Flavor 


2 X 4 — Duration of Storage by Varieties 


0 

Country Gentleman 
Narrowgram Ever- 

68.4 

19.1 

3.02 

7.12 

7.10 

6.90 

6.00 


green 

72.4 

19.8 

2.53 

7.50 

7.10 

6.50 

6.40 

1 

Country Gentleman 
Narrowgram Ever- 

67.0 

15.4 

3.50 

6.35 

5.92 

5.77 

4.44 


green 

72.1 

19.0 

2.68 

6.38 

6.18 

5.40 

4.40 

3 

Country Gentleman 
Narrowgram Ever- 

66.6 

15.1 

3.30 

5.62 

5.76 

5.18 

4.24 


green 

69.8 

17.2 

3.05 

5.22 

4.96 

4.44 

4.20 

5 

Country Gentleman 
Narrowgrain Ever- 

64.3 

14.4 

4.37 

4.89 

3.74 

3.24 

2.60 


green 

68.3 

16.9 ! 

3.42 

4.97 

4.38 

3.60 

3.44 

7 

Country Gentleman 
Narrowgram Ever- 

65.3 

15.3 

3.89 

4.73 

4.10 

3.90 

2.98 


green 

68.0 

16.4 

3.58 

4.71 

4.43 

3.44 

3.00 


L.S.D. 

1.50 

1.41 

0.20 

0.50 

0.42 

0 30 

0.29 

3 y, 4— 
De- 

grees P 

P value 

Temperature of Storag 
Variety 

0.68 

\e by Varti 

2.74 

ities 

5.94 

1.41 

6.82 

1.90 

1.73 

35 

Country Gentleman 
Narrowgrain Ever- 

66.0 

15.6 

3.09 

0.02 

5.92 

5.87 

4.84 


green 

70.6 

18.5 

2.61 

6.16 

6.10 

5.48 

5.08 

50 

Country Gentleman 
Narrowgrain Ever- 

66.6 

15.3 

3.33 

5.99 

5.89 

5.58 

4.44 


green 

70.6 

17.7 

2.71 

6.17 

5.98 

5.20 

4.88 

70 

Country Gentleman 
Narrowgrain Ever- 

66.0 

15.7 

4.03 

5.50 

4.83 

4.42 

3,52 


green 

70.0 

17.9 

3.25 

5.75 

5.07 

4.30 

3.88 

S8 

Country Gentleman 
Narrowgrain Ever- 

65.0 

14.4 

4.41 

4.67 

4.46 

4.06 

3.26 


green 

67.3 

15.4 

3.95 

4.50 

4.10 

3.58 

3.28 

Iced 

Country Gentleman 

07.9 

18.2 

3.21 

6.40 

5.52 

5.00 

4.20 


green 

71.2 

19.8 

2.74 

6.39 

5.80 

4.82 

4.32 


L.S.D. 

1.50 

1.41 1 

0.26 

0.50 

0.42 

0.30 

0,29 


P value 

1.43 

1.07 ! 

1.13 

0.39 

1.60 

0.25 

0.35 
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TABLE III — {Concluded) 




Objective Measures 

Organoleptic Measures 

Days 

i 

Variety 

Mois- 
ture 
(Per ' 
Cent) 

Succu- 

lometer 

(Cc) 

Pericarp 

(Per 

Cent) 

Raw 

Grade 

Succu- 

lence 

Skin 

Charac- 

ter 

Flavor 


Interactions 


2 X 3 — Duration by Temperature of Storage 


0 

35 

70.7 

19.4 

2.77 

7.31 

7.10 

6.70 

6.20 


50 

70.7 

19.4 

2.77 

7.31 

7.10 

6.70 

6.20 


70 

70,7 

19-4 

2.77 

7.31 

7.10 

6.70 

6.20 


88 

70.7 

19.4 

2.77 

7.31 

7.10 

6.70 

6.20 


Iced 

70.7 

19.4 

2.77 

7.31 

7.10 

6.70 

6.20 

1 

35 

67.9 

17.1 

2.89 

6.56 

6.05 

6.03 

5.40 


50 

69.9 

17.4 

2.86 

6.72 

6.13 

5.85 

4.60 


70 

69.4 

16.4 

3.02 

6.30 

5.82 

5.20 

3.90 


88 

68.4 

16.8 

3.62 

6.24 

5.95 

5.15 

3.80 


Iced 

69.6 

18.4 

3.05 

6.50 

6.30 

5.70 

4.40 

3 

35 

68.3 

16.2 

2.71 

5.80 

6.25 

5.85 

5.20 


50 

68.0 

15.7 

2.90 

5.90 

6.30 

5.55 

5.20 


70 

67.7 

16.2 

3.48 

5.26 

, 4.70 

4.25 

3.60 


88 

67.4 

13.7 

4.00 

4.17 

4.10 

3.50 

2.80 


Iced 

69.5 

19.0 

2.78 

5.98 

5.45 

4.90 

4.30 

5 

35 

67.4 

16.7 

3.17 

5.62 

5.05 

4.30 

3.80 


50 

66.8 

15.2 

3.35 

5.24 

5.00 

4.30 

3.80 


70 

66.8 

16.1 

4.35 

4.98 

3.55 

2.90 

2.40 


88 

62.3 

12.3 

6.31 

2.60 

2.05 

1.85 

1.80 


Iced 

68.4 

18.1 

3.31 

6.04 

2.15 

3.75 

3.30 

7 

35 

67.4 

16.0 

2.71 

5.16 

5.60 

5.50 

4.20 


50 

67.8 

14.9 

3.22 

5.22 

5.15 

4.55 

3.50 


70 

65.6 

16.0 

4.58 

4.46 

3.56 

2.75 

2.40 


88 

62.3 

12.2 

5.20 

2.60 

2.20 

1.90 

1.75 


Iced 

69.9 

20,2 

2.98 

6.16 

4.80 

3.65 

3.10 


L.S.D. 

2.57 

2.23 

0.41 

0.80 

0.66 

0.94 

0.92 


P value 

2.58 

2.49 

10.1 

5.26 

8.05 

3.03 

1.89 


where prolonged storage is far more detrimental for material har- 
vested at a very young stage of maturity than for older corn. 

The simultaneous effect of duration and temperature of storage is 
illustrated in Fig. 1. It may be readily seen that, in general, the mois- 
ture content, succulometer values and all of the organoleptic values 
decrease, while pericarp content increases with increasing duration 
and temperature of storage. For example, the flavor of samples held for 
1 day at 88 degrees F, was reduced to the same extent as the flavor of 
samples held under ice at 35 degrees F as long as 7 days. For the 
moisture and succulometer data especially, there appears to be a point 
of equilibrium beyond which there is no further reduction. This is in 
agreement with the observations of Appleman (2) who found that 
sugar content in stored sweet corn decreases to not less than 40 per 
cent of the original value, but reaches that point more rapidly when 
stored at high temperatures than when stored at low temperatures. 

The icing treatment deserves special comment. Apparently the ob- 
jective measurements of moisture and succulometer and the raw grade 
values indicate that there is a slight loss of succulence in iced corn 
during the first 3 days of storage. This loss is roughly equivalent to 
that obtained under 35 degrees F storage. Beyond that point, however, 
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Quality decreases with increasing 
duration and temperature of storage 

Raw grade is measured most accurately 
by moisture or succlometer; flavor least 
accurately 

Icing IS most effective for preserving 
external oppearance of quality - not as 
effective m maintaining tenderness and 
flavor 



DAYS STORAGE 





PERCENT 



Fig. 1. Effect of duration and temperature of storage on objective and 
organoleptic measures of quality of Golden sweet corn. 
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OBJECTIVE MEASURES ORGANOLEPTIC MEASURES 

Moisture Succulo- Pericarp SENECA CHIEF 

Percent meter, cc Percent 

80 24 5 

75 20 4 

70 16 3 

65 12 2 

60 8 I 

12 3 12 3 

HARVEST . harvest 

GOLDEN CROSS BANTAM 

80 24 5 

75 20 4 

70 16 3 

65 12 2 

60 8 I 

lOANA 

80 24 5 

75 20 4 

70 16 3 

65 12 2 

60 8 I 

COUNTRY GENTLEMAN 



12 3 12 3 

HARVEST HARVEST 



HARVEST HARVEST 




Fig* 2. Effect of variety and date of harvest on objective and organoleptic 
measures of quality of sweet corn. 
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iced corn seems to increase in succulence as measured by moisture 
content or succulometer. Pericarp content and the organoleptic ratings, 
however, indicate that the icing treatment is approximately equivalent 
to 50 degrees F storage, and in respect to flavor, perhaps even less 
than that. This icing treatment, therefore, is undoubtedly another 
factor which decreases the degree of correlation between some of the 
objective and organoleptic tests. 

The interactions for the white corn data are generally similar to 
those of the golden corn except for the interactions of dates of harvest 
by varieties, where there is extremely high significance for all of the 
objective measures and the raw grade measurements, but considerably 
less for the organoleptic measures for succulence and skin character, 
and no significant di&rence for flavor of white varieties (Table III). 
Thus, whereas there is a tremendously large difference in moisture 
content of the two white varieties at the second harvest, there is only 
a moderate difference in the organoleptic determinations for suc- 
culence and skin character, and no difference whatsoever in flavor. 
It may be concluded from these data also that the Country Gentleman 
variety may contain considerably less moisture and more pericarp, 
and yet be considered equal to Narrowgrain Evergreen organolepti- 
cally. These varietal differences are illustrated graphically in Fig. 2. 
It may be seen, for example, that compared to moisture and succu- 
lometer values, the pericarp content of Seneca Chief is relatively low, 
and somewhat higher in Golden Cross Bantam; it is rather high in 
loana and Narrowgrain Evergreen, and extremely high in Country 
Gentleman. 

Thus, it appears that the varietal factor, either alone or in interaction 
with other factors, is largely responsible for some of the poor cor- 
relations. When correlations were calculated for the golden varieties 
separately (Table IV), there was a general improvement in the degree 


TABLE IV — Golden Sweet Corn — Correlation Coefficients Be- 
tween Objective and Organoleptic Evaluations of Quality Factors* 


Evaluation 

Objective 

Organoleptic 

Moisture 
(Per Cent) 

Succulom- 

eter 

(Cc) 

Pericarp 
(Per Cent) 

Raw 

Grade** 

Succu- 

lencet 

Skin 

Charac- 

tert 

Plavort 

Moisture (per cent) . 
Succulometer (Cc) . . . 
Pericarp (per cent) . . 
RawGrade>K*. 

0.92 

0.77 

0.95 

0.88 

0.88 

0,68 

0.92 

0.76 

0.88 

0.90 

0.89 

0.76 

0.77 

0.76 

0.80 

0.81 

0.84 

0.77 

0.95 

0.88 

0.80 

0.87 

0.89 

0.78 

0.88 

0.90 

0.81 

0,87 

0.98 

0.83 

0.88 

0.89 

0.84 

0.89 

0.98 

0^ 

0.68 

0.75 

0.77 

0.78 

0.83 

0.87 




•Correlation coefficients higher than 0.21 are significant at the 1 per cent level. 

••Determined from a calculation of grades as provided by United States Department of Agri- 
culture grader for raw com. 

fProvided by a panel of judges who scored each sample for the three quality factors. 


of correlation, and the organoleptic ratings for skin character and 
succulence became practically identical (0.98)* The correlations be- 
tween moisture or succulometer, and pericarp, however, were still low, 
indicating that such factors as the icing treatment were still present to 
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reduce the correlation. The correlations between all the objective tests 
and the organoleptic test for flavor also remained low. This may be 
explained by the fact that some of the extremely young samples were 
graded lower for flavor than other samples which were somewhat 
more mature. Also, the storage conditions were relatively more im- 
portant in their effect on flavor than they were on the other tests. 

The correlations for white corn in Table V were not improved 
materially. In fact, some of the correlations for the white corn alone 


TABLE V — ^White Sweet Corn — Correlation Coefficients Between 
Objective and Organoleptic Evaluations of Quality Factors* 


Evaluation 

Objective 

Organoleptic 

Moisture 
(Per Cent) 

Succulom- 

eter 

(Cc) 

Pericarp 
(Per Cent) 

Raw 

Grade** 

Succu- 

lencef 

Sirin 

Charac- 

tert 

Flavort 

Moisture (per cent) . 



0.83 

0.84 

0.89 

0.79 

0.74 

0.62 

Succulometer (cc) . . . 

0,83 

— 

0.79 

0.90 

0.76 

0.84 

0.61 

Pericarp (per cent) . . 

0 84 

0,79 

— 

0.82 

084 

0 73 

0.75 

Raw Graded* 

0.89 

0.90 

0.82 

— 

0.91 

0.89 

0.83 

Succulencef 

0.79 

0.76 

0.84 

0.91 

— 

0.96 

0.87 

Skin Characterf. . . . 

0.74 

0.84 

0.73 

0.89 

0 96 

— 

0.89 

Flavort 

0.62 

0.61 

0.75 

0.83 

0.87 

0.89 

— 


♦Correlation coefficients higher than 0.25 are significant. 

♦♦Determined from a calculation of grades as provided by United States Department of Agri- 
culture grader for raw com. 

tProvided by a panel of judges who scored each sample for the three quality factors. 


are lower than those for all of the corn samples. This indicates that 
the varietal factor does not necessarily depress the correlation because 
of differences between yellow and white varieties, but among the white 
varieties themselves, where the Country Gentleman type apparently 
behaves differently from the larger kernel types. 

Summary and Conclusions 

Two hundred and sixty-nine samples of sweet corn covering five 
varieties, three dates of harvest, five durations and five temperatures of 
storage, including an icing treatment, were analyzed for moisture 
content, pericarp content, and succulometer values. These objective 
values were correlated with organoleptic determinations of the raw 
and frozen corn, with the following conclusions : 

1. The succulometer and moisture tests may be used interchange- 
ably, and are very satisfactory in estimating the quality of the raw corn 
as it appears to consumers before cooking. After cooking, these tests 
were found to be good indicators of succulence and skin character, but 
not of flavor. 

2. The pericarp test is inferior to the above as an indicator of raw 
appearance or succulence, but equal or perhaps slightly better for 
predicting skin character and flavor. 

3. The factor of date of harvest is first in importance in determining 
objective values of moisture or succulometer, and organoleptic evalu- 
ations of raw grade, succulence and skin character. 

4. The factor of duration of storage had relatively less effect on 
moisture and sitcculometer values than on pericarp or organoleptic 
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evaluations* For pericarp and flavor, the effect of prolonging the dura- 
tion of storage was almost as severe as delaying the date of harvest. 

5. Effect of increasing temperature of storage was not as severe as 
increasing duration of storage on the reduction of quality of sweet 
corn. 

6. Varietal differences were found primarily among the white varie- 
ties where Country Gentleman samples, ranking equally with the 
other varieties in the organoleptic tests, appeared inferior according 
to the objective tests. 

7. The icing treatment was very effective in retaining succulence 
but was equivalent to about 60 degrees F storage in its effect on flavor 
retention. 
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Physiological Changes in Asparagus After Harvest^ 

By L. E. Scott and A. Kramer, University of Maryland, 
College Park, Md. 

D evelopments in the marketing processes o£ vegetables which seek 
to improve the quality of the consumer product must be based on 
a thorough knowledge of the nature and extent of the changes taking 
place between the time of harvest and the time of consumer utilization. 
Excellent information on these changes in asparagus is found in the 
early studies of Bitting (3), Morse (6) and Bisson et al (2). More 
red^t reports on the ascorbic acid content of asparagus during storage 
are those of Platenius (7) and Kays (4). 

The present paper reports the results obtained in a series of aspar- 
agus storage tests, with particular emphasis on changes in ascorbic acid 
content, fibrousness, and color, as affected by the temperature and dur- 
ation of the storajp period. 

Materials and Methods 

The experimental data were obtained from five different lots of as- 
paragus in 1948. All of the asparagus was harvested as "'green'’ stock, 
in accord with the usual commercial practice of the area, with the 
minimum length of the spear above ground when harvested about 6 
inches. The lots are designated as follows : 

Lot 1 : — Harvested April 9 from the Plant Research Farm of the 
University of Maryland. The spears were trimmed to 8 inches in length, 
and stored within 3 hours after harvest in constant temperature cabinets 
at 32, 40, 50, and 70 degrees F with the butt ends in water. Total solids 
and ascorbic acid content were obtained on samples taken from each 
lot after 0, 1, 4, and 8 days storage. The spears were snapped upon 
removal from storage and the snapped tip used for analysis. 

Lot 2 : — Harvested April 14 from the Plant Research Farm and 
handled the same as lot 1 except that samples were taken for analysis 
after 0, 1, 3, 5, and 8 days storage. 

Lot 3 : — Harvested April 17 from Plant Research Farm and stored 
at same temperatures as lots 1 and 2 and analyzed after 0, 1,3, and 7 
days storage. Determinations of total solids, ascorbic acid, color, and 
fiber were made on 1 segments of the spears and on the snapped 
tip. 

Lot 4 : — Harvested May 5 by a commercial grower in Maryland. 
Brought into the laboratory the following day, cut to 9 inch length and 
stored at 32, SO, 68, and 86 degrees F. Samples were analyzed after 
0, 2, 4, and 6 days storage. Total solids, ascorbic acid, color, and fiber 
determinations, and pressure readings were obtained on the 4j4 inch 
tip, the 4j4 to 6 inch cut, the 6 to 7 inch cut, and the snapped tip. 

Lot 5 : — Harvested May 13, and placed in storage at 32 and 50 de- 
grees F, and at room temperature on the afternoon of the same day. 

^Scientific paper No. A235, Contribution No. 2166 of the Maryland Agricultural 
Experiment Station, Department of Horticulture. Partial support from Regional 
Hope-Flanagan Funds, Project NEM 3. 
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This lot had been graded by the grower into two size grades, which 
were analyzed separately throughout the test. The bunches were 
stored in crates without wet moss or other source of moisture. Total 
solids, ascorbic acid, color, fiber, and pressure determinations were 
made after 0, 36, 84, and 132 hours storage. Spear segments analyzed 
were the 4% inch tip, the 4J4 to 5% inch cut, the to 7jS4 inch 
cut, the 7J'4 inch to base cut, and the snapped tip. 

Total solids were determined by blending 100 grams of segments 
with an equal weight of distilled water in the Waring blendor for 5 
minutes. An aliquot of the blend was weighted into a tared porcelain 
moisture dish and dried in a vaccuum oven at 70 degrees C overnight. 

Ascorbic acid was determined by the indophenol dye-xylene ex- 
traction method of Robinson and Stotz (8), using a Beckman spectro- 
photometer of a Leitz photoelectric colorimeter for reading the color 
values. 

Fiber determinations were made by the method given by Smith and 
Kramer (9). 

Color determinations and the pressure readings were obtained by 
the methods described by Kramer et al (5). 

The term “snapped tip'’ as used in this paper refers to the tip portion 
of the spear obtained when the spear is broken by pressure on the ends 
with the hands. The significance of this point with respect to quality 
factors in the asparagus spear has been considered by Smith and 
Kramer (9) and the employment of “snapping” as a harvesting method 
has been suggested by Barrens (1). 

Results 

Weight Change : — ^Wheii asparagus spears are stored with the cut 
surfaces of the butt ends in contact with moisture, water is taken up 
into the spear resulting in an increase in the fresh weight of the ma- 
terial. The effect of temperature and length of storage upon the change 
in weight of asparagus stored with the butt ends in water is given in 
Table I. The uptake of water resulted in a steady increase in weight for 


TABLE I— Asparagus (Gain in Weight During Storage, Lot 2) 


Treatment 

Per Cent 

Gain in We 

ight After Storage of; 


1 Day 

3 Days 

6 Days 

8 Days 

32 degrees — Snapped 

0.0 

9.3 

7.1 

11.0 

Unsjiapped 

40 degrees — Snapped 

0.5 

1.1 

2.8 

12.8 

3.9 

36,9 

6.9 

20.8 

Unsnapped 

60 degrees — Snapped 

2.7 

4.5 

10.0 

14.9 

13.5 

13.8 

17.4 

20.4 

Unsnapped 

70 degrees — Snapped 

3.1 

19.3 

9.4 

16.4 

12.5 

17.1 

-5.4 

Unsnapped 

16.3 

iTt 

-.6 

-21.6 


the 32, 40 and 50 degrees F storage temperatures, the increase reach- 
ing 20 per cent at 40 and 50 degrees F. At 32 degrees F the water up- 
take was about half that at 40 degrees F. At 70 degrees F storage the 
water uptake was extremely rapid during the first day of storage but 
thereafter there was a net loss of weight so that at the end of 8 days 
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Storage there had occured a loss of more than 20 per cent of the initial 
weight. 

The loss in weight at the higher temperature probably results from a 
blocking of the conducting vessels at the cut surfaces of the spears, pre- 
venting the uptake of water equal to the loss by transpiration. 

When the spears were stored dry as in lot 5, there was a decrease in 
weight, amounting to about 3.5 per cent after 6 days storage at 32 or 
50 degrees F and 5.5 per cent after 2 days at room temperature. 

Total Solids : — As the spears in storage increase in fresh weight due 
to the uptake of water it would be expected that the per cent total 
solids content would decrease. This change in total solids is shown in 
Table II. The per cent solids decreased with continued storage and 
with increasing temperature, with the exception that the per cent solids 
for the lot stored at 70 degrees F showed a sharp increase after storage 
of 7 days. 


TABLE II — Effect of Temperature and Length of Storage upon 
THE Total Solids Content of Fresh Asparagus Spears (Lot 3) 


Storage Temperature 
(Degrees F) 

Per Cent T 

otal Solids 

Vfter Storage 

Period of: 

Mean of 
Tempera- 
tures 

0 Days 

1 Day 

3 Days 

7 Days 

32 

40 

10.07 

10.07 

9.27 

9.15 

8 83 
8.60 

8.63 

8.08 

9.20 

8.98 

50 

10.07 

8.97 

8.75 

7.48 

8 82 

70 

10.07 

8.17 

7.28 

10.65 

9.04 

Mean of storages: 

10.07 

8.89 

8.37 

8.71 



L.S.D. per cent: Between individual readings — 1.20. 

Between temperature and storage means — .60. 


The increase in fresh weight and decrease in per cent total solids 
found are in accord with the results obtained by Bisson et al (2). 

The per cent total solids in the spears decreased from the tip toward 
the base (Table III). The i^^ch tips in lot 3 contained 12.96 per 
cent solids as compared with 6.98 per cent solids content of the 2j4 
to 5 inch cut from the same spears. The data obtained from lot 4 indi- 
cates that the decreasing trend may not extend farther than 6 inches 
from the tip of the spear. 

Ascorbic Acid : — In all of the tests it was found that an increase in 
the storage temperature or an increase in the length of storage was re- 
flected quite sharply in a lower ascorbic acid content of the material. 
These effects are shown in Table IV. The loss of ascorbic acid at 32 
degrees F storage is quite marked, in that the final content was about 
two-thirds that of the initial content in lots 2 and 3.^ Storage at 32 de- 
grees in all tests showed a lesser loss of ascorbic acid than 40 degrees 
F storage, but the differences are significant in only lot 2. Differences 
between 32 and 50 degrees F storage and 50 and 70 degrees F storage 
are in all cases significant with the greater loss occuring at the higher 
temperature. 

The lower mean values for ascorbic acid shown by lot 4 probably 
arise from two factors; first, a 7-inch length of spear was analyzed in 
this lot in contrast to the 5-inch lengths analyzed in lots 1, 2, and 3 ; 
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TABLE in— Distribution of Total Solids, Ascorbic Acid and Chloro- 
phyll IN THE Asparagus Spear 


Segment of Spear 

Per Cent 
Total Solids 

Ascorbic Acid 
Mg/100 Gm 

Chlorophyll 

Mg/Kg 

Lol 3 



Hi inch tip 

12.96 

69.9 

247.7 

1 ^ to 214 inch cut 

9.09 

45.8 

146.1 

214 "to 3M inch cut . 

7.51 

35.6 

90.3 

3M to 5 inch cut 

6.98 

31 2 

62.9 

0 to 5 inch spear 

8.68 

42.8 

122.4 

Snapped tip 

8.84 

43.1 

128.0 

L.S.D. (6 Per cent level) 

.74 

5.3 

18.3 

Lot 4 



41^ inch tip 

8.68 

27.6 

130 6 


6.29 

15.0 

55.6 

6 to 7 inch cut ... ... .... 

6.66 

13.4 

46.4 

0 to 7 inch spear 


21.1 

121.6 

Snai^ed tip ... 

7.75 

26,7 

95.3 

L.S.D. (5 per cent level) 

.40 

1.7 ! 

8.3 


Lol 5 


4 inch tip 


34.5 

118.8 

41^ to inch cut 


19.1 

60.0 

5% to7}4 inch cut 


16.6 

49.6 

7)1 to 9 inch cut 


15.1 

41,7 

0 to 7)^ inch spear 


25 7 

85.1 

Snaked tip 


31.8 

94.5 

L.S.D. (5 per cent level) 


1.1 

78 


and second, there was a delay of 24 hours between time of harvest and 
the initial analyses in lots 4 as compared with an interval of only a few 
hours in the other lots. 

The loss in ascorbic acid shown in the fresh weight basis is real and 
not affected greatly by the accompanying decrease in total solids. For 
example, calculation of ascorbic acid on a dry weight basis for lot 3 
after a storage period of 7 days, shows 45 per cent loss at 32 degrees F, 
59 per cent loss at 50 degrees F and 84 per cent loss at 70 degrees F. 
Comparable losses on a fresh weight basis for the same storage con- 
ditions are 52, 68, and 85 per cent. Similar comparisons with other lots 
gave like results, showing the same general trend in ascorbic acid levels 
on either basis, but with somewhat less accentuated storage losses where 
calculated on a dry weight basis. 

In all of the tests in which there was an analyses of segments of the 
asparagus spear, there was found a well defined gradient in ascorliic 
acid content from the tip toward the base (Table III). 

The data of lot 5 permit a comparison of the ascorbic acid content of 
large and small spears. Although the smaller spears were found to have 
a statistically significantly higher content, 24.7 as compared with 22.9 
mg per 100 gram, the difference is not important in view of the much 
greater effects of length and temperature of storage and the portion of 
spear analyzed. 

A statistical summary of the ascorbic acid data is given in Table V. 
The values for the main effects in all of the tests were highly significant. 
The si^ificant interaction between temperature and length of storage 
found in lots 3, 4, and 5 results from the relatively greater effect on 
ascorbic acid loss the higher temperatures after prolonged storage. 
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TABLE IV Effect of Temperature and Duration of the Storage 
Period upon the Ascorbic Acid Content of Fresh Asparagus (Fresh 
Weight Basis) 


Storage 
Temperature 
(Degrees P) 

Ascorbic Acid (Mg/100 Gm) After Storage of; 

Mean of 
Temperature 

0 Days 

1 Day 

4 Days 

8 Days 



Lot I 



32 

54.1 

53.4 

32.2 

30.6 

42.6 

40 

54.1 

50.2 

26.4 

30.7 

40,4 

50 

54.1 

50.2 

25.7 

23.1 

38.3 

70 

54.1 

32 2 

10.9 

13.9 

29.3 

Mean of storage 

54.1 

46.5 

25.3 

24.6 

— 


L.S.D. (5 per cent level) Between individual readings — 12.4. 

Between temperature and storage means — 6.2. 



j 0 Days 

1 Day 

j 3 Days 

j 5 Days 

8 Days 

Mean of 
Temperature 

32 

54.1 

50,7 

lx>t 2 

47.8 

38.4 i 

22.4 

43.3 

40 

54.1 

52.2 

36.4 

33.2 

281 

32.6 

16.8 

13.7 

37.5 

37.9 

50 

54.1 

51.0 

70 

54,1 

38.9 

19.7 

17.0 

3.3 

26.6 

Mean of storage 

54.1 

48.0 

35 5 

29.0 

14.0 

— 


L.S D, (5 per cent level) Between individual readings — 10.0. 

Between storage means — 7.5. 
Between temperature means — 5.3. 


0 Days 

1 Day 

3 Days 

7 Days 


Mean of 
Temperature 


Lot s 


32 

65.2 

66.0 

49.3 ; 

31.3 

53.0 

40 

65.2 

60.2 

47.0 

26.2 1 

49.6 

60 

65.2 

49.2 

36.2 

20.8 

42.8 

70 

65.2 

38.1 

20.7 

10.0 j 

33.6 

Mean of storage — 

65.2 

53.3 

38.3 

22.1 i 

— 


L.S.D. (5 per cent level) Between individual readings — 8.6. 

Between temperature or storage means — 4.3. 


0 Days 

2 Days 

4 Days 

j 6 Days 


Mean of 
Temperature 


Lot 4 


32 

24.7 

22.0 

21.7 

18.4 

21.7 

50 

24.7 

17.0 

12.6 

10.5 

16.2 

68 

24.7 

11.0 

10.5 

9.8 

14.0 

Mean of storage 

24.7 

16.7 

14.9 1 

12,9 

— 


L.S.D. (5 per cent level) Betweem individual readings — 2.6. 

Between storage means — 1.5. 
Between temperature means — 1.3. 


The nature of the interaction between len^h of storage and se^ent of 
spears, although significant in all cases, is not easily determined and 
probably is not of important magnitude. A similar situation exists in 
the significant interaction found between temperature of storage and 
segment of spear in lots 4 and 5. A relatively greater loss of ascorbic 
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TABLE V — Summary of 'T” Values Obtained in Variance Analysis 
OF Ascorbic Acid Content Data with Asparagus (On Fresh Weight 
Basis) 



Lot 1 

Lot 2 

Lot 3 

Lot 4 

Lot 5 

Main effects: 

1. Length of storage 

2. Temperature of storage 

3. Segment of spear 

137.43** 

20.82** 

87.03** 

20.80** 

161,44** 

34.14** 

55,91** 

109.57** 

87.24** 

96.72** 

182,20** 

18.89** 

481.37** 

36.09** 

20,16** 

2.38* 

11.06** 

2.91* 

0.11 

0.97 

Interactions: 

1X2 

1 X .q . . 

3.06 

1.78 

4.26** 

2,17* 

11.72** 

5.08** 

1X4 

_____ 

3X3 





1.03 

2.82 

3X4 





3X4 

— 

— 

— 

— 


♦Indicates significance at 5 per cent level. 
♦♦Indicates significance at 1 per cent level. 


TABEL VI — Effect of Temperature and Length of Storage upon 
Color of Fresh Asparagus (Color Expressed as Mg Chlorophyll 
per Kg Fresh Weight) 


Lot 3 

Lot 4 

Lot 5 

Storage (Days) 

Color 

Storage (Days) 

Color 

Storage (Days) 

Color 

0 

149.2 

0 

124.2 

0 

87.6 

1 

144.0 

2 

128.7 

1.5 1 

77.4 

3 

134.4 

4 

62.7 

3.5 

74.6 

7 

103.9 

6 

43.9 

5.5 

60.3 

L.S.D, 






(5 per cent level) 

14.9 

i 

7.5 

— 

6.4 

Temperature 

Color 

Temperature i 
(Degrees P) 

Color 

Temperature 
(Degrees P) 

Color 

(Degrees P) 




32 

142.8 

32 

92.x 

32 

77.1 

40 

140.2 

50 

87.1 

50 

72.8 

50 

127.4 

68 

90.5 

— 

— 

L.S.D. 

14.9 

— 

Not 


Not 

(5 per cent level) 



significant 


significant 


acid from the small spears in lot 5 during the storage period is reflected 
in the significant interaction between length of storage and size of spear 
in that lot. 

Color : — ^The effects of temperature of storage and length of storage 
upon the color of asparagus as expressed quantitatively are shown in 
Table VI. In all three lots there was a significant loss of color during 
the storage, amounting in lot 3 to more than half of the original content 
and in the other two lots to about one-third. The effect of storage tem- 
perature was not important. Although all lots showed a general de- 
crease in color with the higher temperatures, only in lot 3 were the dif- 
ferences significant. It would seem that increasing duration of storage 
resulted in a loss of chlorophyll, to a large extent independently of the 
storage temperature. 

A definite color gradient from the tip to the base of the spear obtained 
in all lots (Table III). The heavy concentration of chlorophyll in the 
tips of the spears is shown in data of lot 3, in which the 1 iiich tips 
contains 247.7 as compared with 146.1 mg per kg in the lj4 to 2% 
inch segment. 


SCOTT AND KRAMER: ASPARAGUS 


363 


The size of spear comparison in lot 5 showed a significantly higher 
color value for the smaller spears, 81.6 as compared with 68.4 mg per 
kg for the large spears. 

^ Interactions between the main effects were in most instances not 
significant. In lot 4 a significant interaction between storage period and 
segment of spear, indicated a relatively greater loss of color in the tip 
segments, but this trend is not borne out in the other two lots. 

Fiber : — Since fibrousness of asparagus is perhaps the most import- 
ant factor determining edible quality of the fresh or processed product, 
any change in the fiber content due to storage conditions is of interest. 
Table VII gives the data obtained from lot 4, showing that there is no 
significant effect of either length or temperature of storage upon the 
amount of fiber in the spears. In fact there seems to be trend toward a 
decrease in fiber content both with higher temperatures and with in- 
creasing storage. 


TABLE VII — Fiber Content of Fresh Asparagus as Affected 
BY Storage (Data from Lot 4) 



On Fresh Weight 
Basis 

On Dry Weight 
Basis 

Organoleptic 

Rating* 

Stored; (Days) 

0 

298 

293 

286 


7.00 

7.57 

2 

ooo 

4 

6.97 

6 

L.S.D. (5 per cent level) 

270 

n.s. 

6.08 

.71 


Stored at (Degrees P) : 

32 

236 

4,800 

3,940 

4,060 

n.s. 

6.76 

50 

187 

6.85 

68 

166 

7.09 

L.S.D. (5 per cent level) 

n.s. 

n.s. 


Segment of spear: 

4H inch tip 

4 to 6 inch cut . , . . . 

44 

184 

480 

2,910 

9.11 

6.49 

6 to 7 inch cut . . - 

883 

12,690 

960 

3.51 


66 

8.51 

L.S.^. (5 per cent level) 

106 

1,890 

.71 


♦Ratings decrease with increaang fibrousness of spearsj basis of 1 to 10, Correlation coefficient 
between fiber content on fresh weight bans and organoleptic rating: r = -.83. 


The results obtained with lot 5 (Table VIII) which was stored with- 
out having the butts of the spears in water, were similar. There was a 
statistically significant decrease in fiber occurring during the first part 
of the storage period and no significant difference between 32 and SO 
degrees F storage. 

The sharp gradient in fiber content of the spears from the tip to the 
base is also shown. The relation of this distribution to the quality of the 
marketable spears is given full consideration by Kramer et nZ (5) . 

The organoleptic ratings of fibrousness accompanying the fiber con- 
tent data in Tables VII and VIII show no significant effect of t^pera- 
ture of storage in either lot, no effect of duration of storage in lot S 
and only a slight effect toward the end of the storage period in lot 4. 
The correlation coefficients of —.83 for lot 4 and —.91 for lot 5 between 
the fiber content and organoleptic ratings, indicate that the method of 
the fiber determination employed very closely reflects the degree of 
fibrousness determined organoleptically. 
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TABLE VIII— Fiber Content of Fresh Asparagus as Affected 
BY Storage (Data from Lot 5) 



Fiber Content 
(Mg/100 Gm 
Fresh Weight) 

Organoleptic 

Rating* 

Stored: (Days) 

484 

6.S9 

IS 

325 

6.84 

3.5 

361 

6,85 

e.s 

315 

6.87 

L.S.D. (5 per cent level) 

124 

n.s. 

Stored at (Degrees F); 

50 

341 

401 

6.97 

6.96 

L.S.D. (5 per cent level) 

n.s. 

n.s. 

Segment of spear; 

4 inch tip 

39 

9.35 

41/^ to .58/^ inch cut 

91 

7.70 

5M to 7 inch cut 

406 

5.85 

7 inches to base 

948 

2.53 

L.S.D. (5 per cent level) 

124 

.66 

Size of spear: 

Large 

L.S.D. (5 per cent level) . . . 

351 

391 

n.s. 

7.07 

6.65 

.35 


*Ratings decrease with increasing fibronsness of spears; basis of 1 to 10. 
Correlation coefficient between fiber content and organoleptic rating: r = -.Ql 


Crude fiber by the official method was determined on a series con- 
sisting of 28 samples from lot 4. These values are listed along with the 
values obtained by the rapid method and the organoleptic ratings in 


TABLE IX — Fiber Content of Asparagus as Determined by the 
Official and Rapid Methods (Per Cent Fiber on Fresh Weight 
Basis) 


Sample 

Se^ent of 
Spear 

Official 

Method 

Rapid 

Method 

Organoleptic 

Rating 

1 

4i 


5 inch tips 

0.058 

0.02 

9.5 

2 

4J 


1 inch tips 

0.071 

0.02 

8.5 

3 

41 


j inch tips 

0.060 

0.01 

9.5 

4 

41 

H 

J inch tips 

0.054 

0.02 

7.8 

5 

41 

H 

j inch tips 

0.064 

0.03 

9,2 

6 

41 

H 

j inch tips 

0.075 

0.04 

9.7 

7 

41 

H 

t inch tips 

0.063 

0.06 

9.2 

8 

41 

H 

j inch tips 

0.073 

0,04 

9.2 

9 

41 


i inch tips 

0.058 

0.07 

9.2 

10 

Snapped tips 


0.04 

9.5 

11. . 

Snapped tips 

0.066 

0.23 

6,8 

12 

Snapped tips 

0.067 

0.04 

8.8 

13 

Snapped tips 

0.080 

0.13 

7.7 

14 

Snapped tips 

0.079 

0.06 


15 

Snapped tips 

0.068 

0.05 

6.8 

16 

Snapped tips 

0.071 

0.07 

7,8 

17 

4^ 

H 

i to 6 inch cut 

0.066 

0.19 

6.6 

18 

4^ 


j to 6 inch cut 

0.067 

0.25 

6.6 

19 

4! 


j to 6 inch cut 

0.058 

0.26 

8.0 

20 

4: 


j to 6 inch cut 

0.080 

0.24 

5.8 

21 

4- 


J to 6 inch cut 

0.054 

0.10 

7.7 

22 

41 

H 

5 to 6 inch cut 

0.068 

0.25 

5.3 

23 

4; 


J to 6 inch cut 

0.06? 

0.11 

7.8 

24 

41 


J to 6 inch cut 

0.064 

0,14 

6.6 

25 

4: 


t to 6 inch cut 

0.066 

0.14 

6.0 

26 

6 to 7 inch cut 

0.088 

0.94 

2.2 

27 

6 to 7 inch cut 

0.086 

0.91 

4.0 

28 

6 to 7 inch cut 

0.083 

0.4$ 

4.3 


Correlation coefficients from, above data: 

1. Between official and rapid method 4'.59 

2. Between official method and organoleptic rating -.47 

3. Between rapid method and organoleptic rating -.85 
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Table IX. The rapid method gives a much wider range of values, show- 
ing lower fiber values for the non-fibrous samples and higher values 
than the official method for the more fibrous samples. 

The correlation coefficients given indicate a much better agreement 
of the rapid test with the organoleptic ratings. 

The results obtained relative to the fiber content of asparagus during 
storage are at variance with the studies of Morse (6) and Bisson ef al 
(2), who found a distinct increase in fiber associated with increasing 
cluration and temperature of storage. The method of fiber determination 
probably accounts for the difference. The method of Smith and Kramer 
(9) which was used in the present tests is entirely physical in nature 
involving the mechanical separation of the fibrous vascular tissue wash- 
ing after maceration in a Waring blendor. The crude fiber method used 
by the earlier workers separates fiber through the dissolution of non- 
fibrous material by the action of hot alkali and acid. It is believed that 
the rapid method used in the present tests more accurately reflects the 
organoleptic fibrousness of asparagus than does the official crude fiber 
method. 

Pressure Readings : — The use of an instrument measuring the pres- 
sure required to cut the asparagus spear and the correlation of pressure 
readings with fiber content has been described by Kramer et al (5). 

Table X gives a summary of the changes in pressure readings as 
affected by storage conditions. The readings increased significantly 
during the storage period of the three lots tested. The effect of tempera- 
ture was not consistent, in lot 5 no difference obtained, in lot 3 storage 
at 80 degrees F resulted in higher readings than the lower temperatures, 
while in lot 4 readings decreased with increasing temperatures. How- 


TABLE X — ^Effect of Length and Temperature of Storage and 
Segment upon Pressure Readings of Fresh Asparagus 


Lots 


Lot 4 


Lot 5 


Storage (Days) 

Pressure 

Storage (Days) 

Pressure 

Storage (Days) 

Pressure 

0 

4.26 

0 

8.78 

0 

7.46 

1 

6.31 

2 

8.33 

1.5 

8.65 

3 

4.98 

4 

9.15 

3.5 

7.84 

7 

6.58 

6 

9.87 

6.6 

8.45 

L.S.D. 






(6 per cent level) . . . , 

0.43 

— 

1.01 

— 

0.81 

Temperature 
(Degrees F) 

Pressure 

Temperature 
(Degrees P) 

Pressure 

Temperature 
(De^ees F) 

Pressure 

32 

5.04 

32 

9.68 

32 

8.09 

40 

6.11 

50 

1 8.52 

50 

8.05 

50 

5.29 

68 

8.89 


— — 

70 

5.10 

— 

— — 



— 

80 

5.90 

— 

— 

— 

— 

L.S.D. 






(5 per cent level) 

0.49 

— 

0.87 

— 

n.s. 

Segment of Spear 1 

Pressure 

Segment of Spear 

Pressure 

Segment of Spear 

Pressure 

inch tip 

3.02 

4M inch tip 

5,89 

4M inch tip 

6.92 

to 2>4 inch cut 
2H to 3 Minch cut 

4.31 

4M to 6 inch cut 

8.68 

4M to 5M inch 

7.30 

6.61 

6 to 7 inch cut 

14.73 

5 % to 7M inch 

10.99 

L.S.D. 





0.72 

(5 per cent level) . . . 

0.49 

— 

1.01 

— 
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ever, these differences, although statistically significant, are relatively 
unimportant when compared to the great differences between the tip 
and basal portions of the spear. 

The increase in pressure readings during storage may be related to 
the progressive lignification of the vascular elements as shown by Bis- 
son et al (2). It is possible that lignification would increase the rigid- 
ity of the fibrous strands without increasing the amount of fiber as 
measured by the method used. 


Summary 

Asparagus spears increased in fresh weight and decreased in total 
solids content during storage. These changes were affected by the 
storage temperature. 

Ascorbic acid content decreased rapidly with both increasing temper- 
ature and duration of storage. Approximately one-half of the original 
ascorbic acid content is lost after a week’s storage at 32 degrees F. At 
70 degrees F the loss may equal 90 per cent. 

The color intensity (as measured by chlorophyll content) of the 
spears decreased during the storage period. Storage temperature had 
little or no effect on the disappearance of chlorophyll. 

There was no significant change in the fiber content of the spears 
during storage. Pressure readings increased slightly during the storage 
period. 
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Ascorbic Acid Content of Twenty-five Varieties 
of the Rutabaga (Brassica napobrassica)^ 

By R. E. Nylund, University of Minnesota, St, Paul, Minn. 

A lthough the rutabaga is known to have excellent antiscorbutic 
properties (5,8,10), few data on the concentration of ascorbic acid 
in different varieties have been published. One report (9) lists the 
rutabaga as containing 36 mg ascorbic acid per 100 grams, but does 
not indicate the variety on which this figure is based. Chandler and 
Miller (4), studying the effects of boron on vitamin C content, report 
that under conditions of optimum boron supply samples of the 
Macomber variety grown in Maine and in Rhode Island contained 
39.7 mg and 36.4 mg vitamin C per 100 grams, respectively. Samples 
of the variety Long Island Improved ^own in Maine contained 49.0 
mgs per 100 grams. Biester (3) studied eleven varieties and found 
the vitamin C content to yary from 29 mg in Laurentian to 62 mg in 
Wilhelmsberger. 

As a part of adaptation tests of rutabagas in northern Minnesota, a 
study was made of the ascorbic acid contents of 25 varieties grown at 
two locations in 1947 and 1948. The present paper is a report on results 
of this study. 

Materials and Methods 

In 1947, 25 varieties of rutabagas were grown at Castle Danger on 
the north shore of Lake Superior and at the North Central Experiment 
Station at Grand Rapids, Minnesota. Dates of seeding and harvest, 
respectively, were as follows ; Castle Danger — May 29 and October 2, 
and Grand Rapids — ^June 17 and October 1. Each of the varieties were 
grown in single 18-foot rows with the rows spaced 3 feet apart. 

In 1948, the same 25 varieties were seeded in two randomized blocks 
at each of the two locations, each plot consisting of a single 18-foot 
row. In 1948, the dates of seeding and harvest, respectively, were as 
follows : Castle Danger — May 27 and October 8, Grand Rapids — June 
15 and October 7. 

In both years plots were blocked and plants thinned to a spacing of 
8 to 10 inches approximately 1 month after seeding. At harvest, four 
or five roots from each plot were selected at random and held in 
storage at 36 to 40 degrees F until ascorbic acid determinations could 
be made. With the exception of rotting in some lots from Grand 
Rapids in 1947, all samples remained firm and dormant throughout 
the storage period. Since McIntosh (6) has reported that the decrease 
in ascorbic acid content of dormant rutabaga roots during storage is 


Taper No. 2460 of the Scientific Journal Series, Minnesota Agricultural Ex- 
periment Station, St. Paul, Minnesota. 
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slight, the ascorbic acid values obtained for the 25 varieties in this 
study should be comparable. In 1947, ascorbic acid determinations 
were begun on January 8 and were completed on March 6, In 1948, 
analyses were completed in the period fi’om October 27 through 
December 14. 

Ascorbic acid content was determined by means of the 2,6--dichloro- 
phenolindophenol visual titration method (1). In order to determine 
the best method of sampling the rutabaga root, a study was made of 
the distribution of ascorbic acid in the root. Four samples were taken 
from single roots of each of three different varieties as follows: (a) 
skin, including about iiich of flesh, (b) a transverse slice cut from 
the upper one-third of the root, (c) a transverse slice cut from the 
center one-third of the root, and (d) a transverse slice cut from the 
lower one-third of the root. The ascorbic acid concentrations in 100- 
gram samples of each of these sections are given in Table I. 


TABLE 1 — ^Ascorbic Acid Content of 100-Gram Samples Prom 
Different Areas of Roots of Three Varieties of Rutabaga 


Part of Root 

Variety 1 
(Mg) 

Variety 2 
(Mg) 

Variety 3 
(Mg) 

Skin* 

43.7 

62.1 

46.2 

Upper one-third 

43.7 

61.8 

46.3 

Center one-third 

43.9 

62.1 

46.4 

Lower one-third 

1 43.5 

61.9 

46.1 


♦Including ^ inch of flesh. 


While it is apparent from the data in Table I that ascorbic acid is 
uniformly distributed throughout the root, all data reported in this 
paper are based on analysis of a 100-gram sample sliced transversely 
across the center section of the rutabaga root. Duplicate samples from 
two roots of each variety were analyzed and the data were averaged to 
give the values reported. 

Experimental Results 

The concentrations of ascorbic acid in the I'oots of the 25 rutabaga 
varieties grown at Castle Danger and Grand Rapids in 1947 and 1948 
are given in Table II. Due to excessive rotting in nine of the varieties 
grown at Grand Rapids in 1947, the roots were discarded and no as- 
corbic acid determinations are reported for these samples. 

Statistical analysis of the 1947 data on 16 varieties (using variety by 
location interaction as error) showed that the varieties differed sig- 
nificantly in ascorbic acid content while the location means did not 
differ. As shown in the third column of Table II, ascorbic acid con- 
centration in the 16 varieties varied from 64 mg per 100 grams in 
Wilhelmsburger to 38 mg per 100 grams in Laurentian. The mean 
ascorbic acid contents of the varieties grown at Grand Rapids and at 
Castle Danger were identical being 48 mg per 100 grams. 

In 1948, data were obtained for all 25 varieties at both locations. 
In order to determine if ascorbic acid concentration was associated 
with size (weight) of roots, the two roots of each lot analyzed were 
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TABLE II — Ascorbic Acid Content of 100-Gram Samples of Roots of 
Rutabaga Varieties Grown at Two Locations in 1947 and 1948 


Variety 

1 

947 (Mg) 

1948 (Mg) 

Mean of Three 
Complete Tests 
(Mg)* 

Grand 

Rapids 

Castle 

Danger 

Mean 

Grand 

Rapids 

Castle 

Danger 

Mean 

New Yellow Garden . . 

53 

59 

66 

82 

55 

69 

66 

Wilhelmsburger 

59 

70 

64 

77 

49 

63 

65 

Invicta 

45 

46 

46 

74 

69 

71 

63 

American Purple Top . 

50 

53 

52 

70 

62 

66 

62 

Jumbo 

— 

50 

— 

81 

49 

65 

60 

Canadian Gem 

58 

42 

50 

75 

57 

66 

58 

Northwestern 

50 

55 

52 

63 

51 

57 

56 

Bangholm Herning . . . 

— 

48 

— 

62 

58 

60 

56 

Purple Top 

Lord Derby 

48 

46 

47 

68 

47 

57 

54 

63 

56 

60 

59 

47 

53 

54 

Sutton’s Bronze Top . . 

— 

43 

— 

64 

50 

57 

53 

Imperial 

49 

54 

52 

58 

48 

53 

53 

Selected Prize Elephant 

39 

45 

42 

62 

46 

56 

51 

Acadia 

50 

39 

44 

64 

49 

56 

51 

Purple King 

— 

49 

— 

65 

40 

52 

51 

Ditmar’s Bronze Top 

40 

49 

44 

60 

45 

52 

51 

Perfection 

40 

44 

42 1 

64 

43 

53 

50 

Bangholm, U.B.C 

— 

38 

— 

62 

46 

54 

49 

Superlative 

— 

41 

— 

57 

45 

51 

47 

Laurentian . . 

39 

38 

38 

64 

34 

49 

46 

Monarch 

46 

40 

43 

57 

39 

48 

45 

P Special XXX. . . . 

— 

37 

— 

59 

38 

49 

45 

Sutton’s Purple Top . . 

— 

28 

— 

60 

43 

51 

44 

Danish Giant 

46 

36 

41 

54 

42 

48 

44 

Golden Table Turnip . . 

— 

33 

— 

52 

34 

43 

40 

Mean of 16 varieties. . . . 
Mean of 26 varieties . , . 

48 

48 

46 


66 

64** 

49 

47** 




L.S.D. 5 per cent level.. 17 17 12 11 11 7 

L.S.D. 1 per cent level.. 23 23 16 14 14 10 

♦Castle Danger, 1947, and Grand Rapids and Castle Danger, 1948. 
♦♦L.S.D. 1 per cent level between location means «= 2. 


weighed before sampling and the determinations on ‘^large’* and 
'‘small’' roots were not combined. In the statistical analysis of the 1948 
data, the total variance was apportioned as shown in Table III. The 
variances due to varieties and locations were significant at the 1 per 
cent level while the variances due to ‘‘sizes" and the interaction 
varieties x locations were significant at the 5 per cent level. 

It is seen in Table II that the ascorbic acid concentrations in the 25 
varieties tested ranged from a high of 71 mg per 100 grams in Invicta 
to a low of 43 mg per 100 grams in Golden Table Turnip. In 1948, the 


TABLE III — ^Analysis of Variance of Ascorbic Acid Contents of 
Rutabaga Varieties Grown in 1948 


Source of Variation 


Degrees 


of Freedom 


Mean 

Square 


Replications 

Varieties 

Locations 

Sizes 

Varieties X Locations 

Varieties X Sizes 

Locations X Sizes 

Varieties X Locations X Sizes, 
Remainder 


1 

48.02 

24 

415.83** 

1 

14,688.98** 

1 

322.68* 

24 

111.76* 

24 

35,57 

1 

69.62 

24 

38.98 

99 

57.00 


Total 


199 


♦Variance significant at 5 per cent level. 
♦♦Variance significant at 1 per cent level. 
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location means differed significantly, the mean of varieties grown at 
Grand Rapids being 64 mg per 100 grams while the mean for the same 
varieties grown at Castle Danger was 47 mg per 100 grams. The fact 
that the two locations had identical means in 1947 and different means 
in 1948 indicates that rutabaga roots do not consistently contain the 
same ascorbic acid concentration from year to year when grown at the 
same location. 

The significant varieties by locations interaction indicates that the 
varieties behaved differently when grown at different locations. Thus, 
as can be seen in Table II, varieties like New Yellow Garden and 
Wilhelmsburger were much higher in ascorbic acid in 1948, when 
grown at Grand Rapids than when grown at Castle Danger, while 
varieties like Invicta and American Purple Top contained about the 
same amount of ascorbic acid wdien grown at either location. This 
suggests that some varieties are more sensitive to environment than 
others. In 1948, Castle Danger was a less favorable location for the 
majority of varieties but Invicta and American Purple Top were not 
greatly affected by location. 

The significant variance for ^‘sizes” (Table III) indicates that the 
ascorbic acid concentration in rutabaga roots tends to be associated 
with their weight. The mean weights of the “small” and “large” roots 
and their mean ascorbic acid contents were : 

Mean Weight Ascorbic Acid Content 

(Grams) 

“Small” roots 640 

“Large” roots 928 

L.S.D. 5 per cent level 

Thus, on the average, small roots tend to contain slightly more ascorbic 
acid per unit of weight than large roots. The difference is too small, 
however, to be of any importance either in selecting varieties for 
growing or in selecting roots for the table. 

Cooking Tests 

In order to determine the loss in ascorbic acid from rutabaga roots 
in cooking, single roots of five varieties grown at Castle Danger in 
1947 were used. One-half of each root was analyzed for ascorbic acid 
uncooked and the other half was boiled in a minimum quantity of water 
until tender and then analyzed for ascorbic acid. The results of this 
test are given in Table IV. On the basis of these limited tests, it ap- 
pears that rutabagas lose approximately 50 per cent of their ascorbic 
acid in cooking. No attempt was made to determine if the ascorbic 
acid was actually lost or merely transferred to the water in which the 
root was cooked. 

Discussion 

The ascorbic acid content of rutabagas varies widely from variety 
to variety and is also affected by environmental factors as indicated by 
the effects of locations and years (Table II). Bernstein, ei al (2) 
found that differences in environment markedly affected the vitamin 


(Mg/100 Gms) 
57.2 
54.6 
2.1 
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C content of turnip greens but the particular environmental factors 
which were responsible were not determined. In their studies, fertilizer 
treatments under outdoor conditions had little effect, although vari- 
ations in nutrient supply to turnips grown in sand culture had marked 
effect on vitamin C content. Smith and Walker (7), studying the 
relation of various factors to ascorbic acid in cabbage, found seasonal 
variations in ascorbic acid content of cabbages which had no simple 
relation to temperature, day length, or light energy. They also failed 
to find any correlation between maturity of the cabbage head and 
ascorbic acid content, or between soil fertility and yield and ascorbic 
acid content. 


TABLE IV — ^Ascorbic Acid Content of 100-Gram Samples of Uncooked 
AND Cooked Roots of Five Rutabaga Varieties 


Variety 

Fresh 

Boiled 

Ascorbic Acid 

(Mg) 

(Mg) 

Lost (Per Cent) 

Lord Derby 

American Puiple Top 

F Special XXX 

62.5 

30.3 

6L6 

60.0 

26.7 

55.5 

42.7 

22.9 

46.3 

Superlative 

36.6 

16.7 

54.3 

Danish Giant 

36 0 

21.2 

41.1 



Mean per cent loss « 

49.8 


In the present study no attempt was made to determine the relation 
of environmental factors to ascorbic acid content. The results of this 
study indicate that locations and years do play an important part in 
determining the ascorbic acid content of rutabaga roots and that these 
factors may not affect all varieties to the same degree. Thus, it is dif- 
ficult to predict accurately the performance of a variety in terms of its 
ascorbic acid content, without extensive and careful testing. However, 
the data given in Table II indicate that, in general, the relative order of 
the varieties remains fairly constant from one test to another. Thus, 
varieties such as New Yellow Garden, Wilhelmsburger, Invicta, Amer- 
ican Purple Top, and Jumbo are consistently higher in ascorbic acid 
than such varieties as Monarch, F Special XXX, Sutton's Purple Top, 
Danish Giant, and Golden Table Turnip. 

Summary 

1. The ascorbic acid content of roots of 25 varieties of rutabagas 
grown at two locations in each of two years was determined. The data 
ranged from a high of 66 milligrams per 100 gram sample in New 
Yellow Garden to a low of 40 milligrams per 100 grams in Golden 
Table Turnip. 

2. Ascorbic acid content of rutabaga roots was found to vary with 
locations and with years. Some varieties were fairly constant in as- 
corbic acid content regardless of location where grown while others 
varied widely from one location to another. 

3. Small roots were found to contain slightly higher concentrations 
of ascorbic acid than large roots. 

4. A limited number of cooking tests indicate that rutabaga^ roots 
lose approximately 50 per cent of their ascorbic acid content in the 
cooking process. 
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Effect of DDT and Wetting Agent on Plant Growth of 
Triumph and Peerless Varieties of Bush Lima Beans 

By R, E. Wester and C. A. Weigel, Plant Industry Station^ 
Beltsville, Md, 

T here is little information available on the tolerance of lima bean 
plants to DDT when applied at concentrations used for insect con- 
trol During the summer of 1947 the authors (1) showed that a spray 
of wettable DDT containing 0.075 per cent of technical DDT (0.625 
pounds per 100 gallons) mixed with rotenone and applied at the rate 
of 2.8 pounds technical DDT per acre severely injured the plants of 
Triumph bush lima bean (U.S. 343). This spray mixture stunted the 
plants and significantly reduced the yield of fresh marketable prime 
pods by 79 per cent. Triumph was the only one of the 14 varieties that 
was injured and dwarfed. Sprays prepared from wettable DDT pow- 
der from six different sources mixed with rotenone and applied at the 
total rate of 2.0 pounds technical DDT per acre caused a very signifi- 
cant reduction in fresh plant weight of the variety Triumph in compari- 
son with rotenone spray alone as a check treatment. However no 
significant difference in fresh-plant weight of Peerless (a sister-line of 
the Triumph variety) resulted from these treatments. 

These results suggested that the variety Triumph was very sus- 
ceptible to injury by DDT or that possibly the wetting agent in the 
wettable DDT powder may have contributed to the injury. In 1948, 
therefore, an experiment was conducted at the Plant Industry Station, 
Beltsville, Maryland, to determine whether the DDT or the wetting 
agent was responsible, also whether applications of DDT sprays would 
be more injurious than DDT dusts. 

The following five suspension sprays and three dusts were tested ; 

1. DDT-rotenone spray from wettable DDT powder. 

2. DDT spray from plain DDT powder plus a wetting agent. 

3. DDT-rotenone spray from plain DDT powder but with no wet- 
ting agent. 

4. Rotenone spray without a wetting agent. 

5. Rotenone spray with a wetting agent. 

6. DDT-rotenone dust prepared from wettable DDT powder. 

7. DDT-rotenone dust prepared from plain DDT powder with no 
wetting agent. 

8. Rotenone dust alone. 

The content of technical DDT was 0.075 per cent in all DDT sprays 
and 3 per cent in all DDT dusts. The content of rotenone was 0.01 
per cent in all rotenone sprays and 0.5 per cent in all dusts. 

The wettable DDT powder was a commercial product containing 
51-8 per cent of DDT, whereas the plain DDT powder used in the 
sprays was a commercial product containing 50 per cent of DDT. Cube 
root powder containing 5.37 per cent rotenone was used to make the 
finished sprays. A commercial dust containing 0.74 per cent of rotenone 
was used in preparing the dust mixtures. The rotenone was used to 
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control the Mexican bean beetle. DDT was used to control leaf 
hoppers. 

The commercial wetting agent used contained decylbenzene sodium 
sulfonate and was added to provide 0.1 per cent in the finished spray. 

The arrangement of the spray test consisted of five blocks in each of 
which the five spray treatments were randomized. The three dust 
treatments were also randomized but placed to the leeward side and end 
of the sprayed blocks to minimize the drift of the dust over the spray- 
treated plots. With this planting arrangement it was possible to analyze 
the data by analysis of variance. 

These tests were made only on Triumph, formerly tested as U.S. 
343, and a sister-line variety, Peerless. The planting was done on July 
16, 1948, in a clay loam soil. One row of Triumph was paired with a 
row of Peerless for each treatment in each plot. Each single row con- 
sisted of 35 hills spaced 1 foot apart with the rows 3.25 feet apart. 
Three seeds were planted in each hill and after the seedlings appeared 
above ground they were thinned to one plant per hill. This gave an 
almost perfect stand. 

Applications of dusts and sprays were made on August 9, 18, 26, and 
September 13. Separate 3-gallon compressed-air sprayers were used 
for the DDT sprays and those containing no DDT. Also separate hand 
dusters (both rotary and bellows type) were employed for applying 
the dust mixtures. Applications were made in the morning on days of 
slight air movements soon after the leaves dried from the morning dew. 

The total quantity of finished spray for the season ranged from 206 
to 222 gallons per acre for each of the different treatments. The plots 
sprayed with DDT received an average of 1.32 pounds of technical 
DDT per acre for the season. 

The total quantity of the two finished 3 per cent DDT dust mixtures 
averaged 44 and 43 pounds per acre for the season, which made the 
quantity of technical DDT per acre equal that on the spray plots. 
There were very few Mexican bean beetles and leaf hoppers on plants 
in each treatment. 

The third day after the first application 1.16 inches of rain fell, a 
total 2 inches during the 3 days after the second application, only .31 
inches on the fourth day after the third application, and none after 
the fourth application, although 1,25 inches occurred within 6 days 
prior to the last application. A total of 4.72 inches fell during the 
period of the experiment. During the growing period there was con- 
siderable dew on the foliage of the plants on the majority of mornings. 

Effect on Plant Growth anp Nature of Injury 

By August 23, after the plants had received two applications, injury 
began to show on the DDT-sprayed plants of Triumph on all plots, but 
not on Peerless. The nature of the injury was virtually the same as oc- 
curred in the 1947 tests. The tops of all DDT-treated plants were pale 
green or yellowish green in cplor in contrast to the very dark green 
color of the lower leaves and of all the leaves of rotenone-treated plots. 
The internodes on DDT-treated Triumph plants failed to elongate 
normally; this gave the variety a dwarfed, prostrate appearance. Many 
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young leaves had a mosaic-like appearance. Later the stunting effect 
on Triumph was in marked contrast to the normal upright growth of 
the variety Peerless. This condition was maintained until the conclu- 
sion of the experiment as is shown in Figs. 1 and 2. 


Fig, 1. Field view showing how spray 1, 2, and 3, containing DDT caused 
stunting and dwarfing of Triumph but did not affect Peerless. Spray treat- 
ment No, 4 containing only rotenone dwarfed neither Triumph nor Peer- 
less. 



Fig.,?. 6M^y-pki plants; of, Triumph. Stuutjed and dwarfed plant on l^t 
spray^ with treatment No. , 1 contatiing wettable DDT and rotenone ; 
normal plant to right sjprayed with treatment No. 4 confining only 
' rotenone, ' ' 
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Effect on Fresh Plant Weigfit 

Since the experiment was started rather late there was not enough 
time for the pods to reach full maturity before the occurrence of a 
killing frost. The experiment was therefore terminated September 29 
on which date 20 plants from the middle of each row of each variety 
were pulled from each plot and the fresh plant weight, including the 
pods, was taken immediately. This left a border of seven to eight plants 
at both ends of each treatment in each replicate. The data for the five 
replicates of each treatment of each variety were averaged and are 
presented in Table L 

TABLE I — ^Average Fresh Weight of Plants Per Plot of Triumph and 
Peerless Varieties of Bush Lima Beans Receiving Pour Applica- 
tions OF the Various Insecticide Treatments 


Treatment 

Variety 

Triumph 

(Grams) 

Peerless 

(Grams) 

Sprays 

1. Wettable DDT with rotenone 

2. Plain DDT with wetting agent 

1,114 

896 

1.824 

3,121 

3,186 

4,926 

4.227 

4,496 

4,475 

4.316 

3. Plain DDT with rotenone 

4. Rotenone only (Check) ...... ......... 

5. Rotenone with wetting agent 


Difference required for significance between varieties: 

692 grams at 5 per cent point; 808 grams at 1 per cent point. 
Difference required tor significance between treatments: 

547 grams at 5 per cent point; 754 grams at 1 per cent point. 


Dusts 


6. Wettable DDT with rotenone 1,429 3,651 

7. Plain DDT with rotenone 1,628 3,463 

8. Rotenone only (Check) 3,150 3,759 


Difference required for significance between varieties: 

390 grams at 6 per cent point; 637 grams at 1 per cent point. 
Difference required for significance between treatments; 

487 grams at 5 per cent point; 708 grams at 1 per cent point. 


Peerless, which grows more rapidly than Triumph, was not affected 
by the DDT and showed a greater average plant weight on the check 
as well as the treated plots. DDT, with or without a wetting agent in 
spray formulations (treatments 1, 2, and 3), caused significant re- 
duction in plant weight of Triumph, in comparison with treatments 
Nos. 4 and S, which contained no DDT but carried rotenone alone or 
with a wetting agent. Spray No. 1, made from a DDT wettable powder 
with rotenone added, caused a significant reduction in plant weight as 
compared to spray No. 3 made from plain DDT that lacked the wetting 
agent. The known wetting agent that was added to spray No. 2 ap- 
peared to have also caused a significant reduction in plant weight. 
Spray No. 2, however, was the only spray that did not contain rotenone 
and it is possible that the lack of rotenone may have been a factor. 

The unknown wetting agent in wettable DDT caused a significant 
reduction in average plant weight of Triumph. The known wetting 
agent added to the rotenone spray treatment No. 5 caused no effect on 
plant weight, on the basis of comparison with spray treatment No. 4 
containing only rotenone (Fig. 3). 
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Fig. 3. 66-ciay-old Triumph plants not affected by wetting agent. Plant on 
left sprayed with treatment No. 4 containing only rotenone; plant on right 
sprayed with treatment No. 5 containing rotenone with wetting agent. 

The DDT dust mixtures No. 6 and 7, caused a significant reduction 
in plant weight in comparison with treatment No. 8 containing rote- 
none alone. There was no apparent difference in the results from treat- 
ments Nos. 6 and 7, which indicates that the wetting agent was not 
injurious. 

None of the spray treatments caused a highly significant difference 
at the 1 per cent level in plant weight of Peerless. At the 5 per cent 
level, however, treatment No. 1 produced significantly heavier plant 
weights than treatments Nos. 2 and 5. 

There does not appear to be any significant difference between re- 
sponse to the wettable DDT plus rotenone dust and to the plain DDT 
plus rotenone dust. 

These data show that DDT injured the variety Triumph but not 
Peerless, The wetting agent in the absence of DDT caused no injury, 
but when added to DDT, under certain conditions, it appeared to in- 
tensify the plant injury. 
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Sweet Corn Fertility Studies on Newly Irrigated 
Lands in the Yakima Valley^ 

By W. J. Clore, Irrigation Experiment Station, and F. G. Viets, 
Jr., U, S. Department of Agriculture, Prosser, Wash. 

A ttempts to grow sweet corn on new lands have not been very stic- 
. cessful compared with some of the older areas in the Yakima 
Valley where high tonnages are often produced year after year on the 
same land. The acreage (2) of sweet corn grown for processing in the 
Kittitas and Yakima valleys of Washington is approximately 7,641 
acres. With considerable new land being irrigated under the Roza 
Project and much larger acreages to receive waiter in the Columbia 
Basin Project, investigations were initiated in 1947 to learn what fac- 
tors may be involved in the production of sweet corn on virgin land. 

An experiment with field corn (7) on virgin Sagenioor very fine 
sandy loam has shown increasing yields with the application of nitro- 
gen up to 240 pounds per acre and no response to phosphorus. Yields 
and ear size were the same whether the corn was irrigated five, eight, 
or eleven times. The maximum yield obtained was 173 bushels of 
shelled corn per acre. A placement study (8) conducted during 1945 
with sweet corn in the Yakima Valley gave increased yields only from 
additions of nitrogen. The higher yields were obtained by increase in 
the number of usable ears rather than by increase of ear weight. 

Experiments reported by Coniin and Bushnell (4), and Bushnell 
(3) have shown generally that the highest sweet corn yields are ob- 
tained by use of manure supplemented with chemical fertilizers con- 
taining nitrogen. Hudson and Gillis (S) report similar results when 
clover is plowed under with nitrogen added. Vittuni (9) reported 
that a total application of 77^4 pounds of nitrogen gave maximum 
yields (5.1 tons/acre) of sweet corn at Geneva, New York. Additional 
nitrogen failed to further increase yields or ear weight. 

Experimental Procedure 

Golden Cross Bantam (Crookham strain) was grown on the Roza 
Unit of the Irrigation Experiment Station in 1948 in an experiment 
involving two spacings in the row, four rates of nitrogen supply and 
four soil pretreatments in factorial combination. 

The soil was Ritzville very fine sandy loam overlying Sagemoor and 
varied in depth from 3 to 5 feet to caliche. The surface soil is quite low 
in organic matter (approximately 1 per cent) contains 0.035 per cent 
total nitrogen and has a pH of 7.0 to 7.5. The virgin soil can supply 
30 to 35 pounds of nitrogen per acre during the growing season. 

The four pretreatments consisting of manure, check, and two winter 
cover crops were arranged as main plots (42% feet by 80 feet) in a 4 

^Published as Scientific Paper No. 849, Agricultural Experiment Stations, 
Institute of Agricultural Sciences, State College of Washington. Address authors 
at Irrigation Experiment Station, Prosser, Washington. 

The authors wish to express their appreciation for the assistance of C. L. 
Crawford and N. B. Roberts in conducting this study. 
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by 4 Latin square. The winter legumes were planted September 3, 
1947. Yield of tops of the winter legumes and samples for total nitro- 
gen analyses were taken immediately before plowing on May 17, 1948. 
Ten tons of steer manure were uniformly spread on the manure plots 
before plowing. Pertinent data on the pretreatments are summarized 
in Table 1. 

TABLE I — ^Average Weights and Nitrogen Contents of Manure and 
Tops of Winter Legumes Used in the Pretreatments 


Pretreatment 

Oven Dry 
Weight 

Total Nitrogen 


(Tons /Acre) 

Per Cent 

Lbs /Acre 

Hairy vetch 

1.34 

3.61 

93.7 

Austrian winter peas 

0.69 

3.53 

49.5 

10 tons manure * 

5.80 

0 

0.86 

99.8 

None 



The manure contained as much total nitrogen as did the tops of the 
hairy vetch, however, since the nitrogen percentage of the manure 
(.86 per cent) was so low little nitrogen was available. 

The sweet corn was planted May 24, in rows 32 inches apart at a 
spacing of approximately 3 inches in the row. There were 16 rows on 
each pretreatment plot. Ammonium nitrate at the rates of 0, 40, 80, 
and 160 pounds of nitrogen per acre was side-dressed on June 18, on 
the four plots into which each pretreatment plot was divided at ran- 
dom. Thus each nitrogen plot (subplot) consisted of four rows of corn 
80 feet long. When the fertilizer was applied there were pronounced 
differences in growth due to the pretreatments. Plants on the check 
and manure plots were somewhat nitrogen deficient and about 3 inches 
high, whereas plants on the winter legume pretreatments were dark 
green and about 6 inches high. 

Two spacings, 6 and 9 inches in the row which gave 32,671 and 
21,780 plants per acre respectively, were established at random by 
dividing the nitrogen plots (subplots) transversely and thinning with 
a hoe on June 21. The ultimate plot thus consisted of four rows 40 
feet in length. The harvested area consisted of 30 feet of the two center 
rows of each plot. 

The corn received three shallow cultivations and four irrigations 
after planting. Irrigation was believed to be adequate for a maximum 
yield. 

A record was kept of silking dates, number of barren stalks, total 
yield and number of unhusked ears and husked usable ears. A random 
sample of 25 usable ears^ was taken to obtain husk weight, kernel 
weight, cob weight and the amount of corn earworm damage. A com- 
mercial corn cutting machine was employed to obtain information 
concerning the cut whole-kernel corn. 

Results and Discussion 

Sweet corn on the plots where vetch or peas had been grown made 
more rapid growth throughout the experiment than that on the check 


* Ear not less than 4 inches long of cream-style or whole-kernel maturity. 
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and manured plots. Vetch produced results superior to peas in this 
respect. Manured plots were only a little better than the check plots. 

When the corn was about 1 foot high the leaves of plants in some 
areas began to show an interveinal chlorosis in a spotted pattern over 
the field. These areas were associated with the presence of carbonates 
nearer the surface. This nutritional disorder may also contribute to 
the limited sw^eet corn yields obtained from new lands. 

Some of the more interesting data obtained in this study are pre- 
sented in Table 11. Variance analyses have been made whenever the 
data were complete and these are summarized in Table III. Incom- 
pleteness resulted from an insufficient number of usable ears from 
some treatments for reliable values. 

Total and Usable Ear Yield : — Both total and usable ear yields were 
affected to a highly significant extent by the pretreatment and by the 
amount of nitrogen fertilizer used. The interaction of these variables 
was also highly significant. Vetch plots gave the highest yields, fol- 

TABLE II— Response of Golden Cross Bantam Sweet Corn on New 
Land to Winter Cover Crops, Manure and Rates of Nitrogen 
Application (Averages of Four Replications of Each of Two 
S pacings) 



Nitrogen 
Applied 
(Lbs /Acre) 

Unhusked Ear Com 

Average 

Husked 

Per 

Cent 

Cut 

Corn 

Per 

Cent 

Barren 

Stalks 

Pretreatments 

Total 

(Tons/Acre) 

Usable 

(Tons/Acre) 

Ear 

Weight 

(Lbs) 

Check 

0 

0.42 

0.15 

0.29 



76.9 


40 

2.03 

1.27 

0.42 

24.8 

70.7 


80 

3.91 

2.86 

0.63 

31.5 

45.6 


160 

6.38 

4.67 

0.67 

35.4 

26.3 

Average 


3.18 

2.25 

0.45 

22.9 

54.9 

Manure 10 tons 

0 

1.51 

0.73 

0.39 

17.7 

81.6 


40 

2.56 

1.92 

0.48 

35.6 

49.2 


80 

5.25 

4.46 

0.67 

41.2 

28.5 


160 

7.96 

6.80 

0.62 

40.6 

15.5 

Average 


4.27 

3.48 

0.52 

3^8 


Austrian Winter Peas 

0 

2.00 

1.40 

0.43 

27.2 

61.1 


40 

4.00 

3.17 

0.55 

40.4 

43.2 


80 

5.69 

4.65 

0.69 

38.1 

20.5 


160 

7.60 

6.64 

0.64 

40.1 

18.5 

Average 



ZM 

0.55 

36.5 

s’su 

Vetch 

0 

3.40 

2.68 

0.52 

41.4 

60.0 


40 

6.44 

6.30 

0.62 

41.0 

25.7 


80 

6.62 

5.62 

0.64 

37.2 

17.9 


160 

8.40 

7.15 

0.65 

41.0 

13.7 

Average 


6.21 

6.19 

0.61 

40.2 

2^ 


Average Response to Rates of Nitrogen Application 



0 

1.77 

1.24 

0.39 

21.6 

66.5 


40 

3.75 

2.92 

0.62 

35.4 

47.2 


80 

5.37 

4.40 

0.68 

37.0 

30.4 


160 

7,69 

6.32 

0.62 

39.3 

18.4 

Least significant differ- 







ence (5 per cent level) : 







Pretreatments 


1.16 

1.16 

* 

* 


Nitrogen rates 


0.49 

0.42 

* 

♦ 

■ElB 

Any two treatments . 


0.98 

0.§4 


>K 

in 


♦Data incomplete. 
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TABLE III — Summary of Variances Obtained in Analysis of Sweet 

Corn Data 


Source 

Degrees 

of 

Freedom 

Variances 

Total Ears 

Usable Ears 

Barren Stalks 

Rows 

3 

1,379* 

1.071* 

764 

Columns . . 

3 

106 

167 

1,342* 

Pretreatments (P) . ... 

3 

2,721** 

2,534** 

4,323** 

Error a . 

6 

192 

190 

281 

Total pretreatment plots . ... 

15 




Nitrogen rate (N) . 

3 

10,345** 

7,951** 

14.005** 

N XP 

9 

163** 

131** 

400** 

Error b 

36 

50 

37 

73 

Total nitrogen plots 

63 




Spacing (S) 

1 

133 

323* 

764* 

S XN 

3 

54 

47 

82 

S X P 

3 

94 

61 

147 

S X N X p 

9 

49 

49 

312 

Error c 

48 

50 

46 j 

144 

Total plots . 

127 





*F exceeds 5 per cent level. 
**F exceeds 1 per cent level. 


lowed by peas, manure and no treatment plots in decreasing order. The 
response to nitrogen application was also highly significant with the 
maximum yields being obtained with 160 pounds of nitrogen per acre. 
These relationships for usable ears are shown in Fig. 1. The highest 
yield of usable ears, 7. IS tons per acre, was obtained with 160 pounds 
of nitrogen following the vetch green manure crop. This yield is above 
average but well below maximum yields of 10 or 12 tons per acre that 
have been obtained. 

As a side study, rates of nitrogen fertilization were extended to 
include 240 and 320 pounds of nitrogen per acre on two spacings on 
the border area between pretreatment blocks. Greater increases in 
yield were obtained where 240 (6.11 tons/acre) and 320 (6.60 tons/ 
acre) pounds as compared with 160 pounds of nitrogen per acre were 
used on the untreated soil. This suggests that yields in all cases were 
limited by insufficient nitrogen except possibly the two high rates on 
the untreated soil and the 160 pound rate following vetch. Plants re- 
ceiving these latter treatments gave a positive diphemylamine (ni- 
trate) test in the stalk tissue shortly before harvest. 

The interaction obtained between nitrogen rate and pretreatment 
was due to the fact that the yields of manured plots increased propor- 
tionally greater than those of the other pretreatments as the nitrogen 
rate was increased. This relationship is expected when a material of 
wide carbon-nitrogen ratio, like the manure used here, is added to the 
soil. 

The percentage of usable ears increased with increasing amounts of 
nitrogen fertilizer. 

Average Ear Siee : — ^Table II shows that the averse husked ear 
size varied from a low of 0.29 pounds on check plots without nitrogen 
fertilizer to a high of 0.65 pounds on vetch plots with 160 pounds of 
nitrogen. Both the pretreatment and the amount of nitrogen applied 
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POUNDS OF NITROGEN PER ACRE 

Fig. 1. The effect of side dressing nitrogen on the yields of usable 
unhusked sweet corn.' 


affected the ear size, and the relationship appears to be largely one of 
nitrogen supply. The amount of fertilizer applied affected ear size on 
the check and manure plots to a greater extent than on the pea and 
vetch plots. 

Percentage of Cut Whole-Kernel Corn : — Based on the unhusked 
usable ear, pretreatments yielded the following percentages of cut, 
whole-kernel corn : check — 22.9 per cent ; manure — 33.8 per cent ; 
winter peas — 36.5 per cent ; and vetch — 40.2 per cent. Supplemental 
nitrogen increased the percentage of cut corn on all treatments, except 
vetch, which was high over the whole range of nitrogen rates. With 
the exception of the check plots 40 to 80 pounds of nitrogen is suf- 
ficient in obtaining a high percentage of cut whole-kernel corn. 

Percentage of Barren Stalks : — ^The percentage of barren stalks was 
decreased in the following order by pretreatments — check, manure, 
peas and vetch ; and also decreased by increasing amounts of supple- 
mental nitrogen. An interaction between pretreatments and nitrogen 
levels was found. Manure showed a higher percentage of barren stalks 
at low nitrogen levels and a relatively lower percentage of barren stalks 
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at high nitrogen levels than any other pretreatment. The relative in- 
creased value of manure at high nitrogen levels was also previously 
indicated by the ear yield data. 

^ The Effect of Spacing : — ^Differences were found in sweet corn 
yields due to spacing. A rate of 21,780 plants per acre produced an 
average yield of usable corn for all treatments of 3.94 tons per acre 
while 32,671 plants per acre averaged 3.50 tons per acre. The per- 
centage of barren stalks at the lower rate averaged 38/2 per cent and 
at the higher rate 43.1 per cent. Ear size between all treatments was 
consistently higher at the wider than the closer spacings, averaging 
0.57 and 0.51 pounds per ear respectively. Spacing had no measurable 
affect upon the percentage of cut corn. 

An interaction between spacing and fertility levels on barrenness 
may be expected but none was found. The lack of interaction between 
these variables in this study is an indication that the level of fertility 
is not the only variable affecting barrenness and that aerial factors are 
probably also operating. In this respect Bailey ( 1 ) concluded that soil 
or climatic conditions, or both, were vastly more important in influ- 
encing the yields per acre than spacings varying from 4 to 16 inches 
at 2 inch intervals in the row. 

Corn Earworm Damage : — ^The percentage earworm damage (6) 
was significantly lower at high levels of nitrogen supply. Infestation 
was 100 per cent on the unfertilized check plots as compared with 80.8 
per cent on the vetch plots with 160 pounds of added nitrogen. The 
amount of feeding injury was also lower. The check plots with 40 
pounds of added nitrogen had a 9.1 per cent trim, whereas the vetch 
plots with 160 pounds of nitrogen had 4.1 per cent trim. 

Summary 

Results are presented of a one year fertility study on sweet corn 
involving the use of manure, winter legumes, various nitrogen appli- 
cation rates, and plant spacings on virgin land. 

The highest yield (7.15 tons/acre) of usable sweet corn was ob- 
tained by plowing under a vetch cover crop supplemented with 160 
pounds of nitrogen. This yield, although well above average, falls short 
of the maximum yields of 10 and 12 tons per acre obtained on the 
older lands in this region. An interveinal chlorosis of leaves found on 
some soil areas in these studies may contribute to this difference. 

Planting winter legumes was found to be much superior to the use 
of manure or to no treatment in sweet corn production. Corn yields, 
average ear weight, per cent cut whole-kernel corn, and percentage 
stalks with ears were all generally higher following vetch than peas. 

The 10-ton manure application improved yields, but the benefit was 
less than that from the good crop of peas or vetch. Manure was rela- 
tively better at high rates of nitrogen application than at low rates. 

Sweet corn yields were increas^ considerably by the application of 
commercial nitrogen up to the maximum applications. 

The good cover crop of vetch maintained a high average ear weight 
with or without additional nitrogen fertilizer. 
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The percentage of cut whole-kernel corn was increased in all pre- 
treatments with additions of nitrogen except in the case of vetch where 
it was high regardless of the amount of nitrogen used. 

The percentage of barren stalks was reduced with each increment of 
nitrogen applied. This reduction of barren stalks was greater at the 
higher levels of nitrogen than at the lower levels for the 10-ton manure 
application. 

Regardless of the pretreatment or amount of nitrogen applied, yields 
and size of usable ears were generally higher from 21,780 than from 
32,671 plants per acre. The greater spacing also resulted in a lower 
percentage of barren stalks than the closer spacing. 

High levels of nitrogen significantly reduced corn earworm infesta- 
tion and feeding injury to the sweet corn ear as compared to low nitro- 
gen levels. 
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(irowth Rates and Chemical Composition of Fruits of 
Four Varieties of Summer Squash 

By O. A. Lorenz, University of California, Davis, Calif, 

C OMPARATIVELY little information is available regarding the rate of 
growth and chemical composition of fruits of the different vari- 
eties of summer squash, Cucurbita Pepo, Such information would be 
of value to growers in determining the frequency of harvests and to 
nutritionists desiring to know the relationship of maturity to quality 
and food value of the different varieties. 

Cordner and Matthews (2) studied changes in the carbohydrate 
content of the White Bush Scallop variety during the first 11 days of 
growth. They found a slight reduction in the dry matter content of the 
older fruits. Reducing substances and total sugars showed an in- 
crease for the first few days of growth, while no definite changes were 
detected in sucrose, acid hydrolyzable substances, and starch. Cul- 
pepper (3) studied growth and chemical changes in the White Patty 
Pan (also called White Bush Scallop) and Golden Crookneck vari- 
eties grown for a total of 40 days. Reducing and total sugars showed 
increases up to the 9-day stage and then decreased as the fruits became 
older. Non-reducing sugars were fairly constant during the first 12 
days of growth. Acid hydrolyzable polysaccharides were lowest in the 
early and late stages of development and highest when the plants were 
about 21 days old. Golden Crookneck averaged about 1 per cent higher 
in dry matter than White Patty Pan. 

Methods 

The varieties studied were Early Prolific Straightneck, White Bush 
Scallop, Black Zucchini, and Early Summer Straightneck. Seeds were 
obtained from the Ferry-Morse Seed Company, San Francisco. Fruits 
grown at Davis, California on Yolo fine sandy loam soil were 
sampled first on the day of full bloom and then on each of the follow- 
ing 10 days. This included the period when the squash fruits would 
have been considered as commercially usable. Sampling was begun on 
July 28, 1944. Sufficient fruits with open blossoms were tagged on 
that date to supply material for subsequent samplings. After the fourth 
day of sampling not more than two tagged fruits were allowed to re- 
main per vine. All other fruits except those tagged for sampling were 
picked off daily as they attained a size suitable for market. The weather 
was about two degrees cooler than normal for that season of the year. 
Maximum day temperatures averaged approximately 90 degrees F 
and night minimums approximately 60 degrees F. 

Twenty or more fruits of each variety were collected at 9 :00 a m each 
day. Several times this number were collected for the first 3 days of 
sampling in order to have sufficient material for analysis. After col- 
lection, fruits of each lot were cut into small pieces and thoroughly 
mixed. Duplicate 100-gram samples were taken for dry weight de- 
terminations. Similar samples were killed in boiling 80 per cent alcohol 
and preserved for chemical analyses. Determinations were made for 
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total solids, alcohol insoluble solids, acid hydrolyzable polysaccharides, 
insoluble solids, reducing sugars, fructose, and sucrose. 

Alcohol insoluble solids were designated as that fraction insoluble in 
boiling 80 per cent alcohol. Total solids were estimated by adding the 
values for alcohol-soluble and alcohol-insoluble materials. This con- 
stituent was determined in this way because values for total solids ob- 
tained by drying 100-gram samples of the fresh materials in a forced- 
draft oven at 70 degrees C for 48 hours gave values which were ob- 
viously low. Reducing sugars were determined by the Quisumbing- 
Thomas (1) method, while sucrose was inverted with Wallenstein’s 
invertase scales at 30 degrees C for 18 hours, after which the samples 
were analyzed as for reducing sugars. Starch was determined by hydro- 
lyzing a finely ground portion of the alcohol-insoluble material for 6 
hours in boiling 10 per cent HCI. All data are expressed on the fresh- 
weight basis. 

Results 

Growth rates of fruits of the different varieties are presented graph- 
ically in Fig. 1. Photographs of fruits selected for the respective weight 



DAYS AFTER FULL BLOOM 

Fig. 1, Average growth rate of fruits of four varieties of summer squash. 
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categories shown in this graph are given in Fig. 2. Black Zucchini had 
the fastest growth rate, followed in order by White Bush Scallop, 
Early Prolific, and Summer Crookneck. Fruits of 100 grams are about 
the minimum in the commercial harvest of any of the varieties. Zuc- 
chini fruits reached this size on the third day after blooming while 
White Bush Scallop and Early Prolific attained this size on the fourth 
day. Summer Crookneck fruits did not attain this size until the sixth 
day. After the fourth day there was a very rapid rise in the growth rate 
of Zucchini. 



SUMMER 

OROOKNECK 
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Fig. 2. Photographs of fruits representing the weight categories of fruits of 
the varieties shown in the graph in Fig. 1. Fruits of White Bush Scallop 
are reduced to approximately one-half of the magnification of the other 
varieties. 


In California it is customary to harvest the fruits early and usually 
before a size of 300 grams is attained. If fruits weighing between 100 
and 300 grams are considered as being acceptable for market then this 
allows a maximum of 2 days between harvests for the Zucchini variety, 
about 3 days each for White Bush Scallop and Early Prolific and ap- 
proximately 4 days for Summer Crookneck. 

The dotted portion of the growth curves of Fig. 1 indicate the stage 
of growth when the fruits would not have been acceptable for table use. 
At these stages of growth the flesh had become stringy and watery and 
the seeds enlarged and hardened. By these standards fruits of the Zuc- 
chini variety were inedible 7 days after full bloom, as compared to 8 
days for Bush Scallop and 9 days for Early Prolific and over 10 days 
for Summer Crookneck. 

Certain chemical changes occurring during the growth of the fruits 
of the four varieties are given in Fig. 3. Alcohol-insoluble solids and 
reducing sugars niade up the greater portion of the dry matter of 
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Fig. 3. Relationship of maturity to the partial chemical composition of fruits 
of four varieties of summer squash. 


fruits of all varieties. Fructose accounted for approximately one-half 
of the reducing sugars. 

Black Zucchini : — In the Zucchini variety there was a gradual de- 
crease in alcohol-insoluble solids from over 4 per cent on the date of 
blooming to about 1.5 per cent in the 9-day fruits. Reducing sugars 
increased from less than 1 per cent to over 2 per cent in 9 days, with 
the greatest increase occurring during the first 6 days after bloom. 
Starch was fairly constant during the 9-day growth period, remaining 
slightly over .5 per cent. Sucrose was very low during the entire growth 
period. 

Early Prolific: — Alcohol-insoluble solids in fruits of this variety de- 
creased about half during the first 6 days and then remained almost 
constant. Starch was at a maximum in full bloom fruits and decreased 
gradually until the tenth day at which time it was approximately half 
of the original content. Reducing sugars increased markedly for the 
first 4 days after the fruit set and then remained fairly constant for 
the next 6 days. 

White Bush Scallop : — Most chemical changes occurring in fruits 
of this variety closely paralleled those of Early Prolific. The main dif- 
ference was that starch increased up to about the fourth day after 
anthesis and then decreased for the next 6 days. This is at variance 
with the data of Cordner and Matthews (2) which showed no con- 
sistent changes in starch content. 

Summer Crookneck : — In fruits of this variety alcohol-insoluble 
solids were higher initially than in the other varieties and showed only 
a very slight decrease throughout the 10-day growth period. Reducing 
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sugars and fructose showed a gradual increase and were about twice 
as high in 10-day fruits as in those just blooming. The values obtained 
for both reducing and total sugars were somewhat lower than those 
reported by Culpepper (3) for this variety while the other carbo- 
hydrate fractions closely approximated the values he reported. 

The data in Fig. 4 give the trends for some of the major constituents 
comparing the four varieties. 






DAYS AFTER FULL BLOOM 


Fig. 4. Relationship of maturity to the partial chemical composition of fruits 
of four varieties of summer squash. 


Total Solids : — At full bloom fruits of all of the varieties had a total 
solids content of approximately 8 per cent, with Summer Crookneck 
in the top position. During the 10-day growth period, total solids de- 
creased slowly to about 7.5 pet eenl; in Summer Crookneck. In the 
other varieties the decrease in ^lids was regular and of much greater 
magnitude. Ten days after blodtuingj- Q^its of the Early Prolific and 
White Bush Scallop contained about, 5,5 per cent total solids while 
Zucchini contained only 5 per cent-'V^i^ prime fruits are considered 
(3 to 6 days after bloom), those of Sumrher Crookneck was the highest 
in total solids followed in order by Bush Scallop, Early Prolific, and 
Zucchini. 

Alcohol-Insoluble Solids: — Alcohol-insoluble solids followed the 
same general trends in the various varieties as did total solids. They 
accounted for about one-half of the total solids. In the Summer Crook- 
neck variety alcohol-insoluble solids showed only a slight decrease with 
maturity of the fruit but in the other varieties they decreased fairly 
gradually during the 10-day period to about one-half of the original 
content. 

Starch : — Starch generally accounted for slightly over one-third of 
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the alcohol-insoluble solids. In the Summer Crookneck variety it in- 
creased for about the first eight days and then decreased. In the other 
varieties there was a tendency for starch to remain constant for the first 
few days and then to decrease. When the fruits were in the best edible 
state, those of Summer Crookneck were the highest in starch followed 
in order by Bush Scallop, Early Prolific, and Black Zucchini. 

Total Sugars : — All varieties were similar in sugar content and re- 
ducing sugars were dominant. There was a marked increase in sugar 
during the 4 days after bloom and then a gradual leveling off for the 
next 6 days. During the period of prime edibility fruit of White Bush 
Scallop had the highest sugar content and Summer Crookneck and 
Zucchini the lowest. 

Summary 

The growth rates and chemical composition of fruits of four vari- 
eties of summer squash were determined at full bloom and then on each 
of the following 10 days. Black Zucchini had the fastest rate of growth 
followed in order by White Bush Scallop, Early Prolific, and Summer 
Crookneck. Black Zucchini fruits reached a stage large enough for 
commercial harvest on the third day after bloom, as compared to about 
4 days for White Bush Scallop and Early Prolific and 6 days for Sum- 
mer Crookneck. 

The chemical composition of fruits of all varieties was markedly 
similar, the exception being that fruits of Summer Crookneck were 
higher in total solids, alcohol-insoluble solids, and starch than the other 
varieties. Alcohol-insoluble solids constituted about one-half of the 
total solids. Reducing sugars accounted for practically all of the sugars 
as sucrose was very low. Fructose made up about one-half of all of the 
reducing sugars. _ 

Taking the Early Prolific variety as an example, fruits on the fifth 
day after bloom, when they would have been considered as of prime 
market condition, had slightly over 6 per cent total solids, nearly 3 
per cent alcohol-insoluble solids, slightly over 2 per cent reducing 
sugars, about 1 per cent fructose, and about .2 per cent sucrose. 
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Observations on Flowering and Fertility in Some Varieties 
of Jersey and Moist-flesh Sweetpotatoes^ 

By H. E. Warmke and H, J. Cruzado, Federal Experiment 
Station, Mayaguez, Puerto Rico^ 

T he breeding of sweetpotatoes (Ipomea Batatas (L.) Lam.) is com- 
paratively new. Before 1924, work consisted in scattered reports 
of collection of open-pollinated seeds and the beginnings of seedling 
testing (Stout, 10, 11). In 1925 Thompson (13) published a bulletin 
summarizing his work with some 1800 seedlings (open-pollinated) 
which he produced and grew in the Virgin Islands. In 1926 Stout (12) 
reported the production of seeds from controlled cross-pollinations 
from plants grown in the greenhouse at the New York Botanical 
Garden. The next year Chung (4) produced 321 seeds from reciprocal 
crosses in the Hawaiian Islands. Tioutine (14) reported making nearly 
14,000 controlled crosses, from which a large number of hybrid seed- 
lings were obtained and the foundations laid for a scientific sweet- 
potato breeding program. He reported highly successful methods of 
hybridization and the production of three different interspecific hy- 
brids. Miller (8, 9) published studies in 1937 and 1939 on methods of 
inducing flowering and seed production in Louisiana. These methods 
have been used widely in subsequent breeding investigations. 

In his early work, Stout (10) clearly understood the problem and 
pointed out that sexual reproduction in sweetpotatoes is limited in two 
ways : (a) by the non-blooming habit, and (b) by the low fertility of 
blossoms, once formed. The sweetpotato, being in all probability a 
native of the American Tropics, is adapted to a warm climate and a 
long growing period. Though being able to grow and yield commercial 
crops of roots in more northern climates, it flowers best under tropical 
or sub-tropical conditions. There is considerable difference in dis- 
position to flower among the different varieties, but many of them 
flower sparsely, or not at all, in the continental United States. 

The ease with which sweetpotatoes reproduce vegetatively and the 
fact that they have been propagated largely by this method, at least 
since the coming of the white man to America, may also have con- 
tributed to the low fertility. Asexual reproduction allows the accumu- 
lation of recessive gene mutations, which may be more or less detri- 
mental to the sexual process. Moreover, asexual propagation of new 
varieties which may have arisen by somatic mutation makes such 
varieties clonal. If the original mutant had a tendency toward self- 
incompatibility, asexual propagation extends this incompatibility past 
the individual and to the entire variety. 

The cytological investigations of King and Bamford (6), indicating 
that the cultivated varieties are probably hexaploids with approxi- 
mately 90 chromosomes in somatic cells, also help contribute to an 
understanding of the high sterility in the species. Although these 

^Cooperative project with the Division of Vegetable Crops and Diseases of 
the BPISAE and Southern Sweetpotato Breeders. 
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workers did not report studies on meiosis in Ip omen Batatas, it is 
probable that chromosomal non-disjunction and other irregularities 
are common. The high percentage of poorly formed pollen grains in 
the commercial varieties strongly suggests that cytological abnormali- 
ties contribute to reduced fertility. 

The Jersey-type varieties have been particularly difficult to induce 
to reproduce sexually, chiefly because of the non-flowering habit in 
the continental United States. Pool reports never having seen flowers 
on the Jersey varieties (Stout 12, pp. 130). Hartman (5) reported 
complete failure of flower induction in Vineland Bush, several strains 
of the Big Stem Jersey subgroup, and in Little Stem Jersey varieties, 
after a very thorough series of investigations extending over a period 
of 8 years. Borthwick (3) likewise reported failure in flower induc- 
tion and seed production with Orange Little Stem and Big Stem 
Jersey grown in nutrient solutions, after varying photoperiod, light 
intensity, temperature, and attempting girdling and grafting. Mikell, 
Miller, and Edmond (7) reported the production of six flowers on 
Maryland Golden in Louisiana, but failure of seed formation. Other 
instances of limited flowering in Jersey varieties have occurred in 
Oklahoma and Virginia (personal conversation with H. B. Cordner 
and F. T. McLean). 

Under sub-tropical conditions the Jersey varieties are less refractory. 
Bailey (1, 2) reported flowering in Big Stem Jersey, Vineland Bush, 
and Yellow Jersey in Puerto Rico and obtained seeds from controlled 
cross-pollinations with the first two of these. Warmke and Cruzado 
(IS), also working in Puerto Rico, recently reported flowering in the 
variety Orange Little Stem and successful crosses between this variety 
and four moist-flesh varieties. It is the purpose of the present paper 
to report further results in flowering and fertility — ^particularly in 
crosses between Jersey and moist-flesh varieties. 

Materials and Methods 

Roots of the various continental varieties were secured from Dr. 
C. E. Steinbauer of the Division of Vegetable Crops and Diseases, 
BPISAE, and from Dr. Julian C. Miller of Louisiana State University. 
Native varieties were collected at different localities on the Island. 

Roots were bedded and sprouts were transplanted when they had 
reached sufficient size. One group of sprouts was set in the field in 
July 1947 and another group in June 1948. All plants were trained 
up on 6-foot chicken wire trellises and were thinned from time to 
time by removing excess leaves and vines, following the methods of 
Miller (9). Commercial fertilizer was added and plants were sprayed 
periodically with wettable sulphur and DDT to control attacks of a 
red spider, probably Tetranychus sp. ; agromyzed flies, Agromyza spp., 
which attack the flowers; and a stem borer, Sylepta elevata (F.). 

Blossoms were emasculated between 8 a.m. and 11 a.m. of the day 
prior to anthesis (before shedding of pollen) by removing the entire 
corolla and adhering stamens, or by cutting the corolla tube at its 
midpoint with a specially constructed scissors and removing the ex- 
posed anthers with forceps. Emasculated flowers, as well as intact- 
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flowers to be used as a source of pollen, were covered with short 
lengths of soda straws or with small glassine bags to prevent entrance 
of insects. Pollinations were made between 7 a.m, and 9 a.m. the day 
following emasculation by applying pollen from one or more anthers 
of the desired male parent to the stigma of the desired female parent 
by means of a sterile forceps. The stigmas were then re-covered for 
protection against insect contamination. 

Results 

Flowering : — Three Jersey varieties (Orange Little Stem, Mary- 
land Golden, and Yellow Jersey) and 17 moist-flesh varieties (P.I.- 
153907, P.I.-1S3909, P.I.-1S3655, B-5903, B-5928, B-5966, B- 
5988, L-5, L-12, 1^78, Heartgold (L-138), Queen Mary, U.P.R.- 
3, Mameya, Don Juan, Toro Negro Wild, and Unit I Puerto Rico) 
were brought to flower in field plots at Mayaguez this past season. 
Only three varieties (Red Jersey, Big Stem Jersey, and Vineland 
Bush), of a total of 23, failed to produce flowers. The latter three 
varieties were only 4 months of age at the onset of the flowering season 
and had made poor growth. Big Stem Jersey and Vineland Bush have 
previously been brought to flower at this station, by Bailey, and it is 
hoped that older plants of these varieties may be brought to flower 
during the coming season. It was found that the group of plants which 
had been in the field over a year flowered more profusely than the 
younger plants. Flowering has been abundant in most of the moist- 
flesh varieties and in Orange Little Stem, but somewhat sparce in 
Yellow Jersey and Maryland Golden. 

Hybridisation : — Over 2,200 controlled crosses were made during 
the season, most of them between moist-flesh and Jersey varieties. 
From these crosses 227 fruits containing 337 seeds were obtained, for a 
over-all seed-set of 15.26 per cent. The individual crosses made, as 
well as the number of fruits and seeds set, are given in Table I, The 
relative fertilities of the individuals used, both as male and as female 
parent, are given in Tables II and III. 

Although a scarcity of blossoms limited the number of crosses that 
could be made with Yellow Jersey and Maryland Golden, it would 
appear that these varieties are quite highly fertile — ^perhaps more 
fertile than Orange Little Stem. The Jersey varieties, as a whole, set 
11.21 seeds per 100 crosses when used as the female parent and 7.26 
seeds per 100 crosses when used as the male parent. 

Among the moist-flesh varieties, P.I. 153907 and P.I. 153909 
proved to be exceptionally fertile as females, with percentages of seed 
set of 30.38 and 21.97, respectively. The native varieties, Mameya and 
Toro Negro Wild, were highly fertile as male parents, with seed sets 
of 36.58 per cent and 42.86 per cent, respectively. No seeds were ob- 
tained from a very limited number of crosses with the varieties Heart- 
gold, Queen Mary, and UPR-3. The moist-flesh varieties, as a group, 
set 15,46 seeds per 100 crosses when used as a female and 29.99 seeds 
per 100 crosses when used as a male. 

As indicated in the tables, 116 of the 337 hybrid seeds produced 
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TABLE I — Results of Sweetpotato Crosses (Mayaguez, Puerto Rico, 
Winter, 1948 - 49 ) 


Parents 

No. Crosses 

No. Fruits 

No. Seeds 

Per Cent 

Made 

Set 

Set 

Seeds 

Set 

Yellow Jersey X P.r.-153909 


0 



Total 

4 

0 

0.00 

Maryland Golden X P.I.-153909 





Total 

3 

1 

2 

6G.67 

Orange Little Stem X P.I.-153655 

51 

7 

8 

15.69 

Orange Little Stem X P.I.-153907 . . 

8 

0 

0 

0.00 

Orange Little Stem X P *1.-153909 . 

28 

1 

1 

3.57 

Orange Little Stem X B-5928 

7 

0 

0 

0.00 

Orange Little Stem X Unit I P.R 

2 

1 

1 

60.00 

Orange Little Stem X Mameya 

4 

0 

0 

0.00 

Total 

100 

9 

10 

10.00 


17 

3 

5 

29.41 

P.I.-15365S X Maryland Golden . . , 

4 

0 

0 

0.00 

P.L-153655 X Orange Little Stem 

P.L-153655 X B-5928 

715 

9 

14 

0 

18 

0 

2.52 

0.00 

P.T.-153655 X Toro Negro Wild 

5 

0 

0 

0.00 

P.L-153655 X P.I.-153909 

3 

0 

0 

0.00 

P.L-153655 X Mameya 

282 

42 

92 

32 62 

Total 

1,035 

59 

115 

11.11 

P.L-153907 X Yellow Jersey 

5 

1 

2 

40.00 

P.L-153907 X Maryland Golden 

3 

2 

4 

133.33 

P.L-153907 X Orange Little Stem 

241 

27 

31 

12,86 

P.L-153907 X B-5928 

2 

0 

0 

0.00 

P.L-153907 X B-5988 

1 

0 

0 

0.00 

P.L-153907 X Toro Negro Wild 

3 

1 

3 

100.00 

P,L-153907 X Mameya 

84 

38 

63 

75.00 

Total 

339 

69 

103 

30.38 

P.L-163909 X Yellow Jersey 

5 

4 

4 

80.00 

P.L-163909 X Maryland Golden 

1 

1 

1 

100.00 

P.L- 153909 X Orange Little Stem 

249 

28 

32 

12.85 

P.L- 153909 X B-5928 

2 

0 

0 

0 00 

P.I.-153909 X Toro Negro Wild 

2 

0 

0 

0.00 

P.L- 153909 X Mameya 

87 

28 

39 

44.83 

Total 

346 

61 

76 

21.97 

B-5928 X Orange Little Stem . . . ....... 

44 

1 

1 

2.27 

B-5928 X P.I.-153655 

2 

0 

' 0 

0.00 

B-5928 X Mameya 

6 

1 

1 

16.67 

Total 

52 

2 

2 

3.85 

B-5988 X Orange Little Stem 

49 

4 

4 

8.16 

B-5988 X B-5928 

13 

0 

0 

0.00 

B-5988 X Mameya 

1 

0 

0 

0.00 

Total 

63 

4 

4 

6.35 

Queen Mary X Orange Little Stem 

13 

0 

0 

0.00 

Queen Mary X B-6928 

1 

0 

0 

0.00 

Queen Mary X Mameya 

3 

0 

0 

0.00 

Total 

27 

0 

0 

0,00 

Heartgold X Orange Little Stem 

8 

0 

0 

0,00 

Hearteold X B-5928 

Total 

10 

18 

0 

0 

0 

0 

0.00 

0.00 

Unit I P.R. X Orange Little Stem 





Total 

1 

0 

•0 

0.00 

UPR-3 X Orange Little Stem 

5 

0 

0 

0.00 

UPR-S X B-6928 

3 

0 

0 

0.00 

Total 

8 

0 

0 

0.00 

Toro Negro Wild X Orange Little Stem 

32 

1 

1 

3.13 

Toro Negro Wild X P.I.- 153655 

4 

1 

1 

25.00 

Toro Negro Wild X Mameya 

118 

17 

19 

16.10 

Total 

154 

19 

21 

13.64 

Mameya X Orange Little Stem 

40 

1 

1 

2.50 

Mameya X B-5928 

15 

0 

0 

0.00 

Mameya X Toro Negro Wild 

4 

2 

3 

75.00 

Total 

59 

3 

4 ' 

6.78 

Grand Totals. .... 

2,209 

227 

337 

15,26 
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TABLE II — Relative Cross Fertility of Individual Jersey Sweet- 
potato Varieties (Season 1948 - 49 , Mayaguez, Puerto Rico) 



Number 

Crosses 

Made 

Number 

Fruits 

Set 

Per Cent 
Fruits 
Set 

Number 

Seeds 

Set 

Per Cent 
Seeds 

Set 

Yellow Jersey 






As female 

4 

0 

0.00 

0 

0.00 

As male .... 

27 

8 

29.63 

11 

40.74 

Maryland Golden 






As female 

3 

1 

33.33 

2 

66.67 

As male 

8 

3 

37.50 

5 

62.50 

Orange Little Stem 






As female 

100 

9 

9.00 

10 

10.00 

As male 

1,397 

76 

5.44 

88 

6.30 

Totals as female 

107 

10 

9.35 

12 

11.21 

Totals as male .... 

1,432 

87 

6.08 

104 

7.26 


TABLE III — Relative Cross Fertility of Individual Moist-Flesh 
Sweetpotatoes Varieties (Season 1948 - 49 , Mayaguez, Puerto Rico) 



Number 

Crosses 

Made 

Number 

Fruits 

Set 

Per Cent 
Fruits 

Set 

Number 

Seeds 

Set 

Per Cent 
Seeds 

Set 

P.L 153655 






As female 

1,035 

59 

5.70 

115 

11.11 

As male .... 

57 

8 

14.04 

9 

15.79 

P.L 153907 






As female 

339 

69 

20.35 

103 

30.38 

As male 

8 

0 

0.00 

0 

0.00 

P.I. 153909 



17.63 


21.97 

As female 

346 

61 

76 

As male 

38 

2 

5.26 

3 

7.89 

B-592S 





3.85 

As female 

62 

2 

3.85 

2 

As male 

72 

0 

0.00 

0 

0.00 

B-5988 





6.35 

As female 

63 

4 

6.35 

4 

As male 

1 

0 

0.00 

0 

00.0 

Mameya 

As female 

59 

3 

5.08 

4 

6.78 

As male 

585 

126 

21.54 

214 

36.58 

Toro Negro Wild 



12.34 


13,64 

As female 

154 

19 

21 

As male 

14 

3 

21.43 

6 

42.86 

Heartgold 

As female 

18 

0 

0.00 

0 

0.00 

As male.... - 

0 

0 

0.00 

0 

0.00 

Queen Mary 

As female 

27 

0 

0.00 

0 

0,00 

As male 

0 

0 

0.00 

0 

0,00 

UPR-3 





0.00 

As female 

8 

0 

0.00 

0 

As male * 

0 

0 

0.00 

0 

0.00 

Unit I P.R. 



0.00 


0.00 

As female 

1 

0 

0 

As male, 

2 

1 

50.00 

1 

50.00 

Totals as female 

2,102 

217 

10.32 

325 

16.46 

Totals as male. • 

777 

140 

18.02 

233 

29.99 
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were from crosses between Jersey and moist-flesh varieties. In 104 
of these crosses the Jersey variety was used as the male parent and 
in 12 it was used as the female parent. Seeds from all crosses involving 
Jersey varieties have been sent to the Division of Vegetable Crops and 
Diseases, BPISAE, for germination, testing, and distribution. 

Data on relation of fertility to date of crossing are given in Table 
IV, In general, setting is poor at both ends of the season (October- 
November and the end of March) and high during the middle (Janu- 
ary 16 to February 15). During the first IS days of February, the 
high average of 41.20 seeds were obtained for each 100 crosses made. 


TABLE IV — Relation of Fertility to Date of Crossing in Sweet- 
potatoes (Season 1948-49, Mayaguez, Puerto Rico) 



Number 

Crosses 

Made 

Number 

Fruits 

Set 

Per Cent 
Fruits 
Set 

Number 

Seeds 

Set 

Per Cent 
Seeds 

Set 

Oct 16 to 31 

10 

0 

0.0 

0 

0.0 

Nov 1 to 15 

98 

3 

3.06 

3 

3.06 

Nov 16 to 30 

264 

0 

0.0 

0 

0.0 

Dec 1 to 15* 

299 

30 

10.03 

47 

15.72 

Dec 16 to 31 

405 

39 

9.63 

47 

11.60 

Jan 1 to 15 . . . 

266 

15 

5.64 

21 

7.89 

Jan 16 to 31 

312 

50 

16.03 

81 

25.96 

Feb 1 to 15 

250 

66 

26.40 

103 

41.20 

Feb 16 to 28 

84 

7 

8.33 

8 

9J52 

Mar 1 to 15 

198 

17 

8 59 

27 

13.64 

Mar 16 to 31 

23 

0 

0.0 

0 

0.0 

Totals 

2,209 

227 

10.28 

337 

16 26 


♦After December 1, crossing was begun at about 7:00 a. m. each day. 


Discussion and Conclusions 

At least five of the difficult-to-flower Jersey varieties, Orange Little 
Stem, Yellow Jersey, Maryland Golden, Big Stem Jersey, and Vine- 
land Bush, have successfully been brought to flower in field plantings 
in Puerto Rico (Bailey 1, 2 and the present report). The plants were 
trellised and thinned, but no other special treatments were used. 
Among these varieties, flowering has been abundant only in Orange 
Little Stem, but a sufficient number of flowers for crossing has been 
obtained from the other varieties. 

It would thus appear that the Jersey varieties can be brought to 
flower and to reproduce sexually, and that they differ from other 
sweetpotato varieties only in being somewhat more exact in their en- 
vironmental requirements for flowering. What these particular re- 
quirements are was not determined in these studies, but it would ap- 
pear that they are satisfied by the sub-tropical conditions found in 
Puerto Rico. 

It was the primary purpose of the present studies to induce simul- 
taneous flowering in various Jersey and moist-flesh sweetpotatoes, for 
the purpose of inter-crossing varieties from the two groups. The 
Jersey varieties set heavy crops of roots close to the plant, have spindle- 
shaped roots of uniform size and shape, and show considerable nema- 
tode resistance. Various moist-flesh varieties, on the other hand, have 
high yield, resistance to Fusarium wilt, and high carotine content. 
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Hybridization between the tw^o groups should introduce new germ 
plasms into each and make possible many obviously advantageous 
combinations of characters. To the authors’ knowledge, the present 
group of 116 hybrid seeds (the majority of them involving Jerseys 
and the new wilt-resistant introductions, P.I. 153655, P.I. 153907, and 
P.I. 153909) constitute the first sizable group of hybrids ever produced 
between Jersey and moist-flesh varieties. They should be sufficient to 
give important information as to ease and success with wffiich charac- 
ters from these two great groups of varieties may be interchanged and 
stabilized. 

Summary 

Three Jersey sweetpotato varieties (Orange Little Stem, Maryland 
Golden, and Yellow Jersey) and 17 moist-flesh varieties (P.I. 153655, 
P.I. 153907, P.I. 153909, Queen Mary, Unit I Puerto Rico, U.P.R.- 
3, L-5, L^12, L-78, Heartgold, B-5903, B-5928, B-5966, B-5988, 
Mameya, Toro Negro Wild, and Don Juan) have flowered in field 
plots during the past season at Mayaguez, Puerto Rico. Only Big 
Stem Jersey, Vineland Bush, and Red Jersey have failed to flower, 
and plants of these varieties were perhaps too young to be expected 
to flower. During the months of October through March some 2000 
crosses were made, the majority between Jersey and moist-flesh vari- 
eties. From these crosses, 337 hybrid seeds were produced, 116 being 
from crosses between Jersey and moist-flesh varieties. The Jersey 
varieties, as a whole, set 11.21 seeds per 100 crosses when used as the 
female parent and 7.26 seeds per 100 crosses when used as the male 
parent. The moist-flesh varieties, as a group, set 15.46 seeds per 100 
crosses when used as female and 29.99 seeds per 100 crosses when 
used as male. It was found that the per cent of seed set at the beginning 
and end of the season was low as compared with the middle of the 
season. During the first IS days of February (midseason) 41.28 seeds 
were harvested from each 100 crosses. 
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Effect of Storage on the Carotene Content of 
Fourteen Varieties of Sweet Potatoes 

By J. C. Miller, R. M. Melampy, J. J. Mikell, and T. P. 
Hernandez, Louisiana Agricultural Experiment Station, 

Baton Rouge, La. 

T he sweet potato is recognized as an important dietary component 
for humans and livestock in the United States and various parts of 
the world, and therefore any factors which may increase or conserve its 
nutritive value are worthy of further study. One of the most important 
nutritional contributions of this crop is its pro-vitamin A. The purpose 
of this report is to present data on (a) the varietal differences in beta 
carotene content, (b) the influence of storage at relatively high temper- 
ature (75 degrees F) on the stability of beta carotene in the sweet 
potato, (c) the ratio of beta carotene to the total pigment content. 

MacLeod, Armstrong, Heap, and Tolbert (5) employing standard 
bioassay technique with the white rat, studied the effect of storage on 
the vitamin A content of sweet potatoes. These investigators found that 
Porto Rico and Yellow Jersey varieties contained three and four times 
as much vitamin A after storage for 2 months as at harvest. Miller and 
Covington (7) using the chemical method of Guilbert (3) reported 
that the carotene content of Porto Rico variety increased rapidly during 
the first month of storage, followed by a gradual increase during the 
second, after which time there was a trend for the amount of this pig- 
ment to remain relatively constant. Mitchell and Lease (8) using the 
same variety, found a decrease during storage at room temperature and 
a more rapid loss at a higher one. Speirs, Cochran, Peterson, Sherwood, 
and Weaver (11) also using Porto Rico have concluded that storage 
had little effect on the carotene content. However, Ezell and Willcox 
(2) in a detailed study of the effect of storage on the carotene content 
of five varieties of sweet potatoes have reported an absolute increase in 
this pigment during curing and storage. These investigators (1) had 
previously called attention to the fact that the roots of the sweet potato 
contained appreciable amounts of yellow pigments other than beta caro- 
tene and the carotene to total pigment ratio varied among different 
varieties and within varieties. These findings, if confirmed, would be 
of considerable significance in evaluating the pro-vitamin A content of 
this vegetable. 

According to Matlack (6) beta carotene is the principal pigment of 
the sweet potato. However, he did find in addition a small quantity of 
violaxanthin. Other investigators including Lease (4) , Villere, Hein- 
zelman, Pominski, and Wakeham (12), Sherman and Koehn (10), 
and O'Connor, Heinzelman, and Jefferson (9) have confirmed the 
findings of Matlack (6) by quantitative investigations. 

In the brief review of previous work presented here, one is im- 
pressed with differences in conclusions reached by various investigators 
in different sections of the country. It may be suggested that these imy 
be due to actual biochemical and physiological differences in the living 
roots which may have been brought about either by different soil or 
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climatic conditions or both rather than actual dift'erences in the method 
of storage or analysis. 

Materials and Methods 

All varieties used in this study were grown at the Louisiana Agri- 
cultural Experiment Station, Baton Rouge, Louisiana. The soil is the 
Lintonia type and 4-12-4 fertilizer was applied to the experimental plot 
at the rate of 400 pounds per acre. The planting date was June 15, 1948, 
and the roots were harvested during the last week of October. The roots 
were selected at random from five replications for each variety and 
the excess soil was removed by brushing. The cleaned roots were placed 
in crates and stored at 75 degrees F throughout the experiment. 

Chemical analyses were made at the time of harvest and each month 
thereafter for a period of 4 months. Twelve roots were selected at ran- 
dom from each variety for this purpose. These roots were washed, 
dried, split lengthwise and a representative longitudinal V-shaped por- 
tion of each root was obtained by a motor driven rasp. This finely 
ground material from the 12 roots was thoroughly mixed before 
sampling. The method of carotene analysis was that of O'Connor, 
Heinzelman, and Jefferson (9) in which cold ethyl alcohol is used for 
extraction, dicalcium phosphate adsorption column for the purification, 
and 2,2,4-trimethylpentane (iso-octane) as the solvent in the spectro- 
photometric measurements. The total pigment was determined from 
the iso-octane extract before chromatographing, and the carotene after 
chromatographing. Dry matter determinations were made by placing 
weighed samples of this ground potato in a drying oven at 103 degrees 
C for 12 to IS hours. 

Results and Discussion 

The results of this study are presented in Table I. It is to be noted 
in this table that there is considerable difference among varieties of 
the sweet potato as to the amount of total pigment and beta carotene 


TABLE I — Effect of Storage at 75 Degrees F on Total Pigment and 
Beta Carotene Content of Fourteen Varieties of Sweet Potatoes 


Variety 

Total Pigment Mg Per 
100 Gm Dry Weight 

B-Carotene Mg Per 
100 Gm Dry Weight 

Ratio: 

B-Carotene 

Total Pigment 


No. 

Days After Harvest 

No. 

Days After Harvest|| 

No. 

Days 

After 

Harvest 


0 

30 60 90 

120 

0 

30 

60 

90 

120 

0 

30 

60 

90 

120 

Unit 1 Porto Rico, . 

22.0 

21,7 20.3 20.2 

22.7 

21.4 

20.8 

20.0 

19.9 

21.0 

97 

96 

99 

99 

93 

Queen Mary 

Ranger 

33.0 

35.1 28.4 31.9 

25.6 

31.6 

36.1 

27.0 

30.8 

24.0 

96 

100 

95 

97 

94 

22.8 

29.6 28.4 31.9 

25.6 

21.8 

28.6 

27.0 

30.8 

24.0 

96 

97 

95 

97 

94 

Heartogold (L-lSS) 

26.6 

33,6 31.9 34.2 

30. S 

24.6 

34.7 

31.9 

35,3 

29.8 

92 

103 

100 

103 

96 

L.9 

30.8 

29.9 26,8 29.3 

26,3 

29,8 

29.9 

26.5 

29.6 

25.0 

97 

100 

99 

101 

95 

L-78 

28.7 

31,2 27.4 27.4 

25.3 

27.8 

31.8 

26.3 

28.0 

25.0 

97 

102 

96 

102 

97 

L-156 

32.5 

34.4 28.2 32.4 

22, S 

32.8 

35.4 

28.6 

31.7 

22.0 

101 

103 

99 

98 

93 

L-184 

15.4 

17.1 14.2 14.5 

14, S 

13,7 

16.0 

13.4 

14.6 

14.1 

89 

94 

94 

100 

96 

L-224 

34.0 

39.4 32.4 32.3 

29.6 

34.8 

41.3 

32.7 

32.8 

28.0 

102 

105 

101 

102 

95 

L-225 

15.5 

19.9 17.6 16.9 

14.7 

15.2 

19.9 

17.2 

16.4 

14,2 

98 

100 

98 

97 

97 

L-228 

33.1 

38.0 30.8 29.4 

22.3 

34.0 

31.8 

29.2 

29.7 

21.8 

103 

91 

95 

101 

98 

L-240 

23.9 

23.3 22.8 25.8 

22.2 

23.0 

25.0 

20.5 

25.8 

22.0 

92 

107 

90 

100 

99 

L-241 

46.5 

47.5 42.1 

41.7 

49.1 

51.5 

41.4 


40.0 

106 

108 

98 


96 

L-244 

31.5 

36.1 30.9 21.2 

27.9 

27.9 

37.9 

30,3 

30.9 

26.01 

89 

108 

98 

99 

93 
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present. Of the 14 varieties analyzed in this work L-184 and L— 225 
have the lowest concentration of total pigment and beta carotene at 
harvest and L-241 the highest. It is of interest that 4 months after this 
time the same relationship is maintained. Furthermore, some varieties 
such as Unit I Porto Rico, L-240 and L~184 show relatively little 
change in total pigment and beta carotene during storage, w4iereas 
varieties such as L~156 and L-228 are characterized by a more pro- 
nounced change. There is a significant increase in both total pigment 
and beta carotene during the 30 days following harvest when one de- 
termines the significance of the difference between the means using 
the 'T” test. However, there are individual varieties such as Unit I 
Porto Rico which actually show a slight decrease during this period. 
The greatest increase was in Heartogold and this variety and Ranger 
both contained more total pigment and beta carotene at the end of 4 
months’ storage than was present at harvest. The data presented in 
Table I indicate a small but significant decrease in both the total pig- 
ment and beta carotene at the end of 4 months’ storage at 75 degrees F 
as compared to the mean at the time of harvest. However, this relative 
stability of the pro-vitamin A in the sweet potato during storage is an 
important consideration. 

The most significant finding in this investigation is the constantly 
high ratio of carotene to total pigment in the sweet potato. The average 
ratio of the 14 varieties at harvest was 97, after 30 days 101, after 60 
days 97, after 90 days 100, and after 120 days 96. These findings differ 
considerably from the results of Ezell and Willcox ( 1 ) who reported 
that this ratio ranged from 28 in the case of Triumph to 88 for Mary- 
land Golden. They found a ratio of 81 for Porto Rico whereas the re- 
sults presented in Table I for Unit I Porto Rico indicate a value of 97. 
No explanation is available for these findings unless it is the actual 
difference in the chemical composition of the roots grown in different 
regions. The results in Table I indicate that practically all of the pig- 
ment in the 14 varieties studied is beta carotene. However, it is not to 
be interpreted that all of this pigment would be biologically available for 
animals or humans as there are various factors influencing the utili- 
zation of the pro-vitamin A in the sweet potato. 

Conclusions 

The results of this investigation show that there is a wide range in the 
beta carotene content of the roots of different varieties of sweet po- 
tatoes. An increase was observed in the beta carotene content of some 
varieties during the first month of storage at 75 degrees F and a de- 
crease after 4 months’ storage. Furthermore, it was found from the 
ratio of carotene to other pigment in the root of the sweet i^tato that 
the principal pigment is beta carotene. This confirms the earlier finding 
of Matlack (6). 
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Studies of Total Soluble Solids and Sugar 
Content in Sweet Potatoes 

By Raymon E. Webb, Julian C Miller and J. B. Edmond, 
Louisiana State University, Baton Rouge, La. 

U NTIL Miller (2,3) induced flowering and seed setting in the sweet 
potato, improvement by breeding was limited to clonal selection. 
As a result of Miller’s work, the sexual method is now chiefly used in 
the development of superior varieties. At the Louisiana station, a large 
number of seedlings are grown and evaluated each year. Since the 
evaluation of such characters as sugar, starch and carotene content by 
standard chemical methods is costly and time consuming, the develop- 
ment of short, reliable methods would be decidedly advantageous. 
Studies were undertaken to determine whether the refractometer can 
be used to get an estimate of sugar content in sweet potatoes. Since 10 
varieties and 4 segments of the storage period were used, additional 
information was obtained on varietal and storage period differences 
in dry weight, total soluble solids, sugar content, and shrinkage. 

Materials and Methods 

Unit I Porto Rico, Ranger, White Star and seedlings L-37, L-<64, 
I.-138, L-1S5, L-224, L-&7, and L-241 were used. Of these 10 lots 
L-37, L-138, L-155, L-241, and Ranger were relatively high in mois- 
ture, Unit I Porto Rico, L-64, L-224, and L-227 were moderately 
high and White Star was low in moisture. 

The plants were grown in Lintonia silt loam soil of the University 
Experiment Station farm and the roots were harvested on October 20, 
1947. For any given variety or seedling, 60 roots of the U. S. No. 1 
grade were selected and divided into five comparable lots, each con- 
sisting of 12 roots. One lot was prepared for immediate analysis and 
the remaining four lots were placed in a room for curing. The temper- 
ature, humidity and number of days in storage for each lot are shown 
in Table L 


TABLE I — Temperature, Humidtty and Days of Each Storage Period 

( 1947 ) 


Temperature 

and 

Humidity 



Storage Pericw 

i 


Oct 20 

Oct20tc 

) Oct 27 

Oct20t( 

) Nov 3 

Oct 20 tc 

) Nov 17 

Oct 20 1 

a Dec 3 

c* 

St 

C 

S 

C 

S 

C 

S 

C 

S 

Temperature. . . 

Humidity 

Days 

"o 

0 

78-82 

78-82 

7 

0 

78-82 

78-82 

14 

”o 

78-82 

78-82 

14 

70-74 

70-76 

14 

78-82 

78-82 

14 

68-72 

60-65 

30 


*C « curing. fS *= storage. 


For any given date, the roots were washed, dried and sampled. 
Sampling was done by cutting longitudinal sections from each half of 
the roots by means of power driven sugar beet sampling rasp. The 
rasped material was collected in glass jars and sampled for dry weight, 
total soluble solids and total sugars. Dry weight determinations were 
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made by drying 10 grams of the I'asped material for 24 hours in an 
oven maintained at 95 degrees C. Total soluble solids were determined 
by means of a Zeiss field refractometer. The liquid of 10 grams of 
rasped tissue was squeezed through cheese cloth ; allowed to set from 
3 to 5 minutes on a watch glass ; and transferred to the refractometer for 
reading. Total sugars were determined by using the Munson- Walker 
Method (1). 

Discussion of Results 

Varietal and Seedling Differences : — ^The data, presented in Table 
II, show both significant and insignificant varietal and seedling dif- 
ferences in dry weight, total soluble solids, sugar content and shrinkage. 
For example. White Star had by far the highest dry weight and the 
lowest sugar content; Unit I Porto Rico had a significantly higher 
total soluble solids than Ranger, L-37, White Star and L~227, statisti- 
cally the same total soluble solids as L-64, L~138, and L-241 and 
actually the same total soluble solids as L-224; and Unit I Porto 
Rico lost significantly less weight in storage than Ranger, L-37, L-138, 
L-155, and L-224. Thus in sweet potato breeding programs varieties 
and seedlings can be obtained which differ significantly in dry weight, 
total soluble solids, sugar content and shrinkage. 

The data, presented in Table II, also show both significant and in- 
significant differences between the various curing and storage periods. 
For example, there was a sharp and highly significant increase in rela- 
tive dry weight during the first 7 days of curing and a practically con- 
stant moisture content during the remaining periods ; a marked and 
highly significant increase in total soluble solids during the first 7 days 
of curing and a gradual increase during the entire curing period and a 


TABLE II — ^Varietal and Seedling Means of Dry Weight, Total 
Soluble Solids, Sugar Content, and Shrinkage of Varieties and 
Seedlings of Sweet Potatoes 


Variety or Seedling 

Dry Weight 
(Per Cent) 

Total Soluble 
Solids 
(Per Cent) 

Sugar 
Content 
(Per Cent) 

Loss of Weight 
in Storage 
(Per Cent) 


40.85 

12.44 

3,21 

6.01 

L~227 

32.22 

11.30 

4.46 

6.30 

L-224 

32.20 

13.08 

4.17 

5.74 

Unit I Porto Rico 

31.90 

13.08 

4.40 

5.02 

L-64 

30.16 

13.00 

4.44 

5.54 

L-37 

28.92 

11.84 

4.44 

4,30 

5.90 

L-166 

28.22 

12.48 

6.64 

L-138 

27.33 

12.76 

5,06 

6.09 


27.32 

11.78 

4.13 

6.36 

L-241 

26.95 

12.88 

4.60 

5.56 


Difference required for significance — 
5 per cent 

0,62 

0.62 

0.58 

0,65 

1 percent , . 

0.83 j 

0.82 

0.77 

0.88 


Storage period 

Means of 

the Ten Varie 

ties and Seedli: 

ngs 

At harvest 

29.84 

10.46 

12.57 

12.76 

2.35 


Cured 7 days . 

30.80 

3.80 

5.11 

3.79 

Cured 14 days 

30.99 

4.95 

Cured 14 days and stored 14 days . . . 
Cured 14 days and stored 30 days. , . , 

30.66 

30,75 

13.17 

13.36 

6.08 

5.25 

6.43 

7.70 

Difference required for significance — 
5 i>er cent, 

0.44 

0.44 

pp 

0.46 

1 per cent 

0.60 

0.59 

0.62 
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constant sugar content during the remaining periods. Thus, on the 
average, sweet potato varieties and seedlings may be^ expected to in- 
crease in total soluble solids and sugar content during the curing period 
and to gradually increase or remain practically constant in these con- 
stituents during the storage period. 

The Use of the Refractometer as an Estimation of Sugar Content : — 
The data, presented in Table III, show that practically no relation 
existed between total soluble solids and dry weight, and between dry 
weight and total sugars. On the other hand, a fairly close and highly 
significant positive correlation was found between total soluble solids 
and total sugars. The highly significant regression coefficient shows 
that, on the average, for every unit change in total sugars, there was a 
0.730 unit change in total soluble solids. Thus, total soluble solids, as 
determined by the Zeiss refractometer, can be used as fairly reliable 
guide to sugar content in sweet potatoes. 


TABLE III — Correlation and Regression Coefficients of Data 
IN Table II 



Total Soluble Solids 

Total Sugars and 

Dry Weight and 

Statistical Constant 

and dry Weight 

Soluble Solids 

Total Sugars 


(Per Cent) 

(Per Cent) 

(Per Cent) 

Coefficient of correlation. . 
Coefficient of regression 

0.07 

0.733** 

0.730** 

-0.22 


**Highly sifinificant. 


Conclusions and Summary 

Studies were made to determine the dry weight, total soluble solids, 
sugar content and shrinkage of 10 varieties and seedlings of sweet 
potatoes and to show the relation of total soluble solids to the sugar 
content of the juice. 

For all periods combined. White Star, the only starch-feed type in the 
test, had a greater dry weight and a lower sugar content than the table 
stock types. There were significant and insignificant differences in dry 
weight, total soluble solids, sugar content and loss of weight in storage 
between White Star and the table stock types. 

For all the varieties combined, dry weight increased during the first 
7 days of curing and remained practically constant during the remain- 
ing periods; total soluble solids increased rapidly during the first 7 
days of curing and increased gradually during the remaining periods ; 
total sugars increased rapidly during the entire curing period and re- 
mained practically constant during the storage period and loss in weight 
was rapid during the curing period and gradual during the storage 
period. 

No relation was found between total soluble solids and dry weight 
and between dry weight and total sugars. However, a close and highly 
significant correlation occurred between total soluble solids and total 
sugars* 

The results show that total soluble solids, as determined in these 
studies, are a fairly reliable index to the sugar content of table stock 
types of sweet potatoes. 
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Cracking and Keeping Quality of Porto Rico Sweet- 
potatoes as Influenced by Rate of Fertilizer, 
Nitrogen Ratio, Lime, and Borax 

By J. M. Lutz, M. T. Deonier, and Belton Walters, t7. S. 
Department of Agricidtiire, Meridian, Miss, 

C racking of sweetpotatoes causes large economic losses in many 
parts of the South, Many theories have been advanced regarding 
the cause of this cracking. Some of these are : Excess of nitrogen, poor 
distribution of moisture, excessive use of lime, lack of minor elements, 
and excess of organic matter. 

Willis (7) focused attention on boron as a minor element essential 
in the growth of sweetpotatoes and he recommended the use of small 
amounts of borax to prevent or reduce cracking of the fleshy roots and 
improve the flavor and quality of the flesh. 

In order to obtain information on the influence of rate of application 
of fertilizers, nitrogen ratio, lime, and borax on cra^cking, an experi- 
ment was set up to study these factors. The sweet potatoes from the 
various plots were placed in storage and held 5 months, primarily to 
determine the influence of amount of fertilizer and nitrogen ration on 
the keeping quality, since questions about such effects frequently arise. 

Experimental Procedure 

Each of the materials was applied at three levels. The field plan was 
a split-plot arrangement of three randomized blocks in which the main 
plots were for rates of fertilizer ; the first split, for three amounts of 
lime; the second for three nitrogen ratios, and the third for three 
amounts of borax. This made a total of 243 ultimate plots each year, or 
729 for the 3 years. These ultimate plots consisted of four rows 25 feet 
long spaced 4 feet apart. Records of only the two inside rows were 
taken. Spacing in the rows was IS inches. 

The experiment was conducted on a different field each of the 3 
years (1944, 1945, and 1946). As can be noted in Tables I to III in- 
clusive there was a very high percentage of cracking in sweetpotatoes 
grown on the fields selected. 

The lime and borax were applied in the row and mixed with the 
soil approximately 10 days before planting. The fertilizer was applied 
in bands on each side of the row. The bed was prepared by listing on 
these materials. 

The 4-8-8 fertilizer was a commercial ready-mixed type. The 8-8-8 
treatment consisted of a 4-8-8 application before planting and a side 
dressing of sodium nitrate about a month after planting to give the 
equivalent of an 8-8-8 formula The 0-8-8 treatment was accomplished 
by adding muriate of potash to a commercial 0-14-7 and using an 
amount of this mixture to give the equivalent 0-8-8 rate. Hydrated 
lime was used to secure quick action. The borax was regular agricultur- 
al borax of nearly 100 per cent purity. 

The amount of fertilizer, nitrogen ratio (fertilizer grade), and 
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amount of lime arc given in Tables T to III inclusive. Borax was ap- 
plied at rates of 0, 10, and 30 pounds per acre. 

The Porto Rico sweetpotato plants were planted about May S. The 
experiments were located on fields of the United States Horticultural 


TABLE I — ^Total Yield of Sweetpotatoes (in Bushels Per Acre) as 
Influenced by Rate of Fertilizer Application, Fertilizer Grade, 
AND Lime (Mean of Three Years) 


Rate of Fertilizer 
(Pounds Per Acre) 

Fertilizer 

Grade 

Yield at Lime Application (Pounds Per Acre) Indicated 

0 

1,000 

3,000 

Average 

Average* 

Average! 

200 

0-8-8 

218.1 

232.3 

206 2 

2X8.8 




4-8-8 

238.2 

216.4 

203.0 

219.2 




8-8-8 

215.5 

253.1 

250.8 

239.8 



Average 


223.9 

233.9 

220 0 


225.9 


600 

0-8-8 

242.6 

240.6 

227.0 

236.7 




4-8-8 

246.8 

227.4 

260.0 

242.6 




8-8-8 

272.4 

253.5 

258.0 

261.3 



Average 


253.9 

240.5 

248.3 


247.6 


1,000 

0-8-8 

226.1 

237.4 

223.8 

228.7 




4-8-8 

242.8 

257.6 

215.3 

238 5 




8—8—8 

271.7 

271.0 

226.2 

250.3 



Average 


246.5 

255.3 

221.7 


241.2 


Average (all rates) 

0-8-8 

228.6 

236.8 

219.0 



228.1 


4-8-8 

242.6 

233.9 

226.0 



234.2 


8-8-8 

253.1 

259.0 

245.1 



252.4 

Average* 


241.4 

243.2 

230.0 





*No significant difference between lime application or rate of fertilizer applications. 
tDifference required for significance at 5 per cent level (between fertilizer grades) : 12.0. 


TABLE 11 — Marketable Yield of Sweetpotatoes (in Bushels Per 
Acre) as Influenced by Rate of Fertilizer Application, Fertilizer 
Grade, and Lime (Mean of Three Years) 


Rate of Fertilizer 
(Pounds Per Acre) 

Fertilizer 

Grade 

Yield at Lime Application (Pounds Per Acre) indicated 

0 

1,000 

3.000 

Average 

Average* 

Average! 

200 

0-8-8 

86.0 

82.7 

63.1 

77.3 




4-8-8 

92.9 

73.6 

64.0 

76.8 




8-8-8 

78.1 

94.7 

74.4 

82.4 



Average * 


85.7 

83.6 

67.2 


78.8 


600 

0-8-8 

97.5 

84.9 

66.1 

82.8 




4-8-8 

106.2 

79.5 

88.5 

91.1 




8-8-8 

113.6 

96.6 

80.4 

90.5 



Average 


105.4 

86.7 

78.3 


90.1 


1,000 

0-8-8 

88.2 

86.5 

86.9 

86.8 




4-8-8 

83.5 

83.2 

87.4 

84.7 




8-8-8 

90.3 

88.2 

63.8 

80.7 



Average 


87.3 

86.9 

79.0 


84.1 


Average (all rates) . . 

0-8-8 

90,6 

84.7 

71.7 



82.3 


4-8-8 

93.9 

78.8 

79.9 



84.2 


8-8-8 

94,0 

92.8 

72.9 



86.5 

Average* 


92.8 

85.4 

74.8 





♦Difference required for significance at 5 per cent level (between lime application): 9.1. 
tNo significant difference between fertilizer rates or grades. 
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TABLE III — Cracking of Sweetpotatoes as Influenced by Rate of 
Fertilizer Application, Fertilizer Grade, and Lime (Mean of 
Three Years) 


Rate of Fertilizer 
(Pounds Per Acre) 

Fertilizer 

Grade 

Per Cent Cracked at Lime Application Indicated 

0 

1,000 

3,000 

Average 

Averagef 

Averaget 

200 

0-8-8 

33.6 

40.7 

42.1 

38.8 




4-8-8 

36.1 

43.6 

44.4 

41.4 




8-8-8 

38.6 

39.5 

48.9 

42.3 



Average 


36,1 

41.3 

45.1 


40.8 


600 

0-8-8 

38.9 

* 38.8 

42.9 

40.2 




4-8-8 

34.3 

38.2 

43.5 

38.7 




8-8-8 

41.9 

40.6 

46.4 

43.0 



Average. ..* 


38.4 

39.2 

44.3 


40.6 


1,000 

0-8-8 

33.9 

35.9 

36.6 

35.5 




4-8-8 

42,2 

47.7 

41.7 

43.9 




8-8-8 

49.9 

49.2 

56.3 

51.8 



Average 


42.0 

44.3 

44.9 


43.7 


Average (all rates) . . 

0-8-8 

35.5 

38.5 

40.5 



38.2 


4-8-8 

37.5 

43.2 

43.2 



41.3 


8-8-8 

43.5 

43.1 

50.5 



45.7 

Average* . . 


38.8 

41.6 

44.7 





*Difference required for significance at 5 per cent level (between lime application) ; 2.9. 
tDifference between rates of fertilizer not significant. 

^Difference required for significance at 5 per cent level (between fertilizer grades): 1.5. 


Field Station, Meridian, Mississippi, in 1944 and 1946, and on a 
privately owned nearby field in 1945. The soil type of the field used 
in 1944 was mostly Ruston fine sandy loam with some Ruston loamy 
sand and Red Bay fine sandy loam. In 1945 one block was planted on 
Ruston sand and the other two blocks on Ruston loamy sand. In 1946 
the entire field was Ruston fine sandy loam. In 1944 and 1946 the 
sweetpotatoes followed summer and winter legume cover crops. In 
1945 they followed corn. The soils were low in total nitrogen. As de- 
termined by the A.O.A.C (1) method the nitrogen content of the plots 
receiving no added nitrogen was .02 to .05 per cent in samples of the 
upper 6 inches of soil. The pH of the soil was determined with a glass 
electrode and averaged 5.3 (determined by converting individual pH 
readings to hydrogen-ion concentration for averaging) in the upper 6 
inches of soil. Addition of 1000. pounds of lime raised^ the pH to an 
average of 5.7 and the addition of 3000 pounds brought it to 6.6. These 
are averages for all three locations. 

After the records on total yield, marketable yield, and percentage of 
cracking were obtained, the marketable roots (U. S. No. 1 and U, S. 
No. 2 grades) were placed in slatted bushel crates, cured for 10 to 14 
days at 85 degrees F and high relative humidity, and stored in an elec- 
trically heated, thermostatically controlled sweetpotato storage^ house 
with the thermostat set at 50 degrees. Losses were unusually high be- 
cause the roots were rather badly skinned during the extra handling in- 
volved in obtaining the field records on total and marketable yield and 
cracking. The decay which developed in storage was mostly Rhizopus 
rot. 

All percentage data were obtained on a weight basis. 
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Results 

Yields and Cracking : — Borax had no significant effect on either 
total yield, marketable yield, or percentage of cracking (since borax 
had no effect on any of the factors studied, for the sake of brevity, data 
on this material are not presented separately) . Although cracking was 
severe in these experiments, none of the symptoms of boron deficiency 
described by Nusbaum (5) were observed; so probably boron was not 
a limiting factor here for sweetpotato production. Rapid tests (3) in- 
dicated about IS ppm boron in the upper 6 inches of soil before any 
applications were made. Apparently cracking in these experiments was 
not related to boron deficiency. Nusbaum (5, 6), reporting on experi- 
ments in which borax corrected other deficiency symptoms of sweet- 
potatoes, found that added borax either did not reduce cracking or 
actually increased it. 

In addition to the main experiment, some small-scale experiments 
in applying borax to the plant bed were run. Applications at rates as 
high as 1000 pounds per acre were made in the plant bed, besides dip- 
ping the seed roots in 10 per cent borax solution. Plants from these 
treatments were set in the field in which applications ranging from 0 
to 75 pounds per acre were made. Cracking was not influenced by 
either plant bed or field treatments in these experiments. Sprouting 
and growth of the plants were inhibited by the 10 per cent dip and the 
200-pound and 1000-pound bed applications, and slight burning of leaf 
edges was noted one year on very light sandy soil in the 30-pound and 
7S-pound field applications. 

Rate of fertilizer application had no significant effect on total yield, 
marketable yield, or cracking (Tables I to III inclusive). 

Lime had no significant influence on total yield of sweetpotatoes but 
it did have a highly significant effect on marketable yield and cracking. 
With increasing lime applications there was a decrease in marketable 
yield and an increase in percentage of cracking (Tables I to III in- 
clusive) . 

As is apparent in Table II nitrogen did not have a significant in- 
fluence on the yield of marketable sweetpotatoes, but there was a highly 
significant increase in percentage of cracking (Table III) with in- 
creased nitrogen. Total yield (Table I) was significantly higher with 
the 8-8-8 than either the 0-8-8 or 4-8-8 fertilizer grades. Nusbaum (6) 
also found that high nitrogen resulted in more severe growth cracking. 

The interactions fertilizer ratio by fertilizer rate and fertilizer grade 
by lime were both highly significant for cracking. It is evident in Table 
III that use of fertlizer of 8-8-8 grade resulted in a very marked in- 
crease in cracking at the 1000-pound fertilizer application and at the 
3000-pound lime application. 

Storage Behavior: — The keeping quality of sweetpotatoes was not 
influenced either by rate of fertilizer application (Tables IV and V) or 
by borax. 

Lime significantly increased decay (Table IV) but did not have any 
effect on weight loss in storage (Table V) . 
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TABLE IV — Decay of Sweetpotatoes in Storage as Influenced by 
Rate of Fertilizer Application, Fertilizer Grade, and Lime (Mean 
OF Three Years) 


Rate of Fertilizer 
(Pounds Per Acre) 

Fertilizer 

Grade 

Per Cent Decay in Storage at Lime Application Indicated 

0 

1,000 

3,000 

Average 

Averaget 

Averaget 

200 

0-8-8 

6.3 

9.3 

10.7 

8.8 




4-8-8 

10.0 

8.2 

14.0 

10,7 




8-8-8 

9.9 

11.6 

12.9 

11.5 



Avei age . . 


8.6 

9.7 

12.5 


10.3 


600 

0-8-8 

10,9 

10.3 

10.8 

10.7 




4-8-8 

8.9 

10.5 

5.9 

8.4 




8—8—8 

8.6 

10-2 

10.0 

9.6 



Average 


9.5 

10.3 

8.9 


9.6 


1,000 

0-8-8 

6.6 

4.7 

8.9 

6.7 




4-8-8 

5.6 

13.3 

12.6 

10.5 




8-8-8 

11.5 

12,3 

24.4 

16.1 



Average 


7.9 

10.1 

15.3 


11.1 


Average (all rates) . . 

0-8-8 

7.9 

8.1 

10.1 



8.7 

4-8-8 

8.2 

10.7 

10.8 



9.9 


8-8-8 

10.0 

11.4 

15.8 



12.4 

Average* 


8.7 

10.1 

12.2 





*Difference required for significance at 5 per cent level (between lime applications): 2.8. 
tDifferences between fertilizer rate not significant. 

j Difference required for significance at 5 per cent level (between fertilizer grades): 2.0. 


TABLE V — ^Weight Loss of Sweetpotatoes in Storage as Influenced 
BY Rate of Fertilizer Application, Fertilizer Grade, and Lime 
(Mean of Three Years) 


Rate of Fertilizer 
(Pounds Per Acre) 

Fertilizer 

Grade 

Per Cent Weight Loss in Storage at Lime application Indicated 

0 

1,000 

3,000 

Average 

Average* 

Averaget 

200 

0-8-8 

12.8 

12.7 

14.4 

13.3 



4—8—8 

13.6 

13.3 

14.8 

13.9 




8-8-8 

13.7 

14.1 

15.7 

14.5 



Average. 


13.4 

13.4 

15.0 


13.9 



0-8-8 

13.1 

13.4 

14.3 

13.6 



600 

4-8-8 

14.3 

12.6 

11.7 

12.9 



8-8—8 

12.7 

15.6 

14.5 

14.3 



Average 


13.4 

13.9 

13.5 


13.6 


1,000 

0-8-8 

11.0 

U.6 

11.4 

11.3 



4—8—8 

13.0 

16.6 

13.4 

14.0 




8-8-8 

13.9 

14.0 

14.2 

14.0 



Average 


12.6 

13.7 

13.0 


13.1 


Average (all rates) . . 

0-8-8 

12.3 

12.6 

13,4 



12.7 

4-8-8 

13.6 

13.8 

13.3 



13.6 


8-8-8 

13.4 

14.6 

14.8 



14.3 

Average* 


13.1 

13.6 

13.8 





♦No significant difference between lime or rate of fertilizer applications. 
tDifference required for significance at 5 per cent level (between fertilizer grades) : 0.4. 


Both decay and weight loss were greater with increased nitrogen 
ratio (Tables IV and V) . 

The interaction fertilizer grade by fertilizer rate was highly signifi- 
cant for decay and significant for weight loss in storage, and the inter- 
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action fertilizer grade by lime was highly significant for weight loss. 
As is apparent in Table IV, the 8-8-8 fertilizer produced an especially 
high amount of decay at the 1000-pound level. In Table V it can be 
noted that weight loss with the high nitrogen ratio was highest with 
the 1000-pound and 3000-pound lime applications. The lowest weight 
loss was at the 1000-pound rate of fertilizer with the 0-8-8 grade. 

These results should not deter a grower from using nitrogen in his 
sweetpotato fertilizer if it will increase his yield. In the experiments re- 
ported herein, nitrogen in the fertilizer was not essential for sweet- 
potato production as it did not significantly influence marketable yield 
(although it did slightly increase total yield and cracking). This is a 
possible explanation for the difference in these results and those re- 
ported by Erwin (2) in Iowa, who found that sweetpotatoes from plots 
receiving nitrogen rotted less than did those from the no-nitrogen plots. 
In Erwin’s experiments, nitrogen was apparently necessary to secure 
good yields. Morgan (4) also working in Iowa, found that sweet- 
potatoes from plots receiving complete fertilizer yielded substantially 
better and kept better in storage than did those from plots receiving 
no fertilizer. 

Since lime and nitrogen ratio were the only treatments that in- 
creased cracking significantly and since these same treatments also in- 
creased decay, it is possible that the factors that induce cracking of 
sweetpotatoes also make them more susceptible to decay. 

Summary 

Neither rate of borax application nor rate of fertilizer had any sig- 
nificant effect on cracking or keeping quality of sweetpotatoes in stor- 
age. High nitrogen did increase the yield but also increased cracking, 
so that the marketable yield was not influenced. Lime increased crack- 
ing and decreased marketable yield. Both lime and nitrogen had a 
slightly adverse effect on keeping quality in storage. 
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Row-Crop Fungicide Concentrate Application^ 

By F. L. Howard and J. B. Rowell, Rhode Island State College, 
Kingston, R. L 

1 ACK OF ^ light-weight equipment capable of adequately applying 
j pesticides to row crops is often a limiting factor in their pro- 
duction. This is particularly true under wet soil and climatic con- 
ditions conducive to inoculum dissemination and development of epi- 
demic diseases. Experimentation for 2 years has yielded progress; 
first, with a garden tractor-mounted air-blast machine and second, 
with a field tractor-mounted mist-blower attachment^. The prime con- 
cern has been gaining information on the requisite principles involved, 
but mechanical improvements have of necessity resulted. Concurrently, 
fungicidal concentrates have been formulated to replace conventional 
large-volume aqueous sprays and thus further to eliminate weight. 

Equipment Development 

In general, experiments with mist-blower equipment have yielded 
gross data on insect and disease control not adapted to approved sta- 
tistical analysis. Machines have lacked precision and the experimental 
design of treatments was unsuitable for quantitative testing particularly 
with fungicides. Row crops offered a good medium for obtaining data 
and in 1947 a Bolens Huski HiBoy garden tractor was equipped with 
a '"mist blower'’ (Fig. 1, A). Initially, two fixed nozzles for treating 



Fig. 1. A, “Mist blower” motmted on Bolens garden tractor as used for 1947 
experiments. Note the door knob air-blast deflector. 

B, Tractor-mounted Bean “Portomist” air-blast attachment used in 1948. 


^Contribution No. 739 of the Rhode Island Agricultural Experiment Station. 
*The cooperation of the John Bean Mfg. Co. by supplying equipment, and the 
assistance of Dr. S. F. Potts and Mr. R. V. Spencer in design are gratefully 
acknowl^ged. 
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a single row were provided, but soon a single fixed nozzle, pointing 
forward and downward into the row, was found more satisfactory. 

Three mechanical factors became apparent as important contributors 
toward the degree of injury resulting from application of a given fungi- 
cide-in-oil formulation. These were the angle of the spray cone, the 
proximity of the nozzle to the foliage, and the size of the liquid drop- 
let. In initial trial on potatoes, severe injury was noted in a narrow 
band at the nozzle level on the foliage. Further trials, with the machine 
stationary and discharging the equivalent of 10 gallons of oil per acre, 
showed that with the nozzle 2 feet from the potato plant, mild injury 
was produced; at 3 feet severe injury resulted where the spray cones 
of the two nozzles converged ; but at 4 feet, where turbulence occurred, 
little or no injury resulted. 

The nozzle air-blast velocity of about 85 miles per hour required 
the plants to be more than 3 feet away to avoid damage. A target of 
wrapping paper held 3 feet fi'oni a nozzle for a 2-second exposure to 
the spray cone demonstrated a distribution pattern only 6 inches in 
diameter. It was evident that either the angle of the spray cone must 
be widened or the mist be deflected uniformly. An oval deflector 
(porcelain door knob) was placed inch in front of the nozzle and a 
uniform coverage pattern 3 feet in diameter was produced on a target 
3 feet away. Apparently, the wider the angle of the spray cone, the 
closer the nozzle may be to the sprayed surface without producing in- 
jury, assuming that the oil droplet size is uniform. Although the de- 
flector brought about two necessary improvements, that is, widening 
of the angle of the spray cone and turbulence of the mist-laden air, 
mechanically it appeared desirable to attain these characteristics by 
other means in future nozzles. 

The 1947 experiments, applying mists with the above equipment to 
field plots of potato, tomato, cucumber, and bean plants showed the 
potentialities and limitations of this method. A garden tractor-mounted 
mist blower can be engineered to cover adequately vegetables, such as 
beet, celery or bean with a pesticide, but mechanical injury due to a 
22-inch height of clearance is too great on mature melon, tomato or 
potato plants. Epidemic diseases, such as potato late blight, cucumber 
downy mildew, and bean anthracnose were checked by dosages of 
3 to 5 gallons per acre containing as low as 0.4 pound of organic copper 
fungicide. Paraffinic-type oils low in aromatic fraction were less in- 
iurious than naphthenic types when used as carriers for the fungicide. 
Droplet size and distribution pattern were of greater importance than 
phytotoxic differences between two such oils. In general, foliage in- 
jury increased as volatility decreased. This may result from the degree 
of volatilization of the droplets in transit permitting a smaller deposit 
on the foliage. Also, the deposited droplet would remain liquid on the 
leaf surface for a shorter period of time and, hence, be less likely to 
penetrate. Furthermore, fungicides dissolved in oil appeared much 
more injurious than the oil alone, presumably because the oil readily 
carried a phytotoxic dose of the fungicide through the protective bar- 
rier of cutin. The ^'oil-blotting*' capacity of the plant surface must be 
considered in applying oil formulations of toxicants. 
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For the 1948 trials, a Bean-Cooley “Portomist” skid-mounted air- 
blast marine was bolted as a removable attachment to a Case X’T 
tractor (Fig. 1, B). This unit had attached a demountable 4-row boom 
equipped with four air nozzles 3 feet apart over which were mounted 
four Fitzhenry-Guptill YS-67 atomizing nozzles that discharged the 
concentrates as^ a flat fan onto the air blast. Originally, the air nozzles 
had a round orifice, but this produced a narrow air stream which gave 
poor distribution of the toxicant. Four fish-tail air nozzles with 
directional fins were substituted to overcome this deficiency in the 
machine, and were used the major part of the season. The height and 
nozzle direction of the entire boom were adjustable to the growth of 
the potato (Fig. 2) and bean plants. The air blast was directed down- 
wards at a 45 degree angle toward the rear of the tractor. 



Fig. 2. Row-crop pesticide concentrate applicator in use on potatoes. 

The adjustable boom for directing the air blast is shown. 

A qualitative measure of the deposit produced by this machine was 
obtained by exposing slides in fixed positions representing various 
plane surfaces on stakes in the potato row. The slides were assayed in 
the laboratory by standard spore germination procedure with Stem- 
phylium sarcinaejorme. The data indicate that good to fair coverage 
was obtained on calm days. However, on windy days good coverage 
was obtained on only those slides at which the nozzles were directed, 
and most of the remaining surfaces had little or no deposit. As wind 
movement increases, greater air-blast velocity and volume are neces- 
sary to deposit sufficient fungicide especially on under leaf surfaces. 


Requirements of Equipment 

Data from the two seasons indicate that the air-blast must fulfill 
four requirements : (a) volume sufficient to replace air in the plant 
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zone; (b) velocity sufficient to agitate and expose all leaf surfaces to 
the “mist” ; (c) velocity sufficient to be unaffected by surface winds ; 
and (d) volume and velocity must not be of such magnitude as to in- 
jure succulent tissue at close range. The application of pesticide-in-oil 
concentrates to row crops without injury necessitates droplet microni- 
zation. The largest droplets than can safely be applied would prob- 
ably have to be less than 30 microns in diameter. None of the tested 
methods for producing mists have completely fulfilled this requirement. 
The shearing action of the air blast in the Potts-Spencer nozzles used 
in 1947 was insufficient to overcome the surface tension forces of the 
liquids in order to produce droplets within the non-injurious size range. 
The 1948 machine provided droplet micronization by low pressure, 
low-volume nozzles. Although this type of nozzle produced a major 
percentage of fine droplets (2 to 10 microns) the mist contained too 
many droplets up to 300 microns in diameter. Therefore, a formula- 
tion of Procop 1 10 dissolved in oil and emulsified in water was tested 
on the theory that the division of the fungicide-in-oil droplets within 
the water would spread over a larger area when deposited on the leaf, 
and thus eliminate the factor of oil penetration and its resultant in- 
jury. This treatment was obviously so superior to the fungicide-in-oil 
alone, that all fungicides having adequate oil solubility were converted 
to water emulsions. Such formulations have two advantages over 
aqueous concentrates : (a) under conditions of low humidity, droplets 
of the latter evaporate so rapidly that poor coverage is obtained ; and 
(b) the fungicide-in-oil emulsion formulations provide non-volatile 
bulk to the droplet which limits the degree of shrinkage and insures 
the plant surfaces being reached by a liquid droplet. Furthermore, 
after the water evaporates, the deposit of fungicide-in-oil which re- 
mains has excellent weathering properties. In fact, the solvent action 
of the oil on the lipide and wax constituents of the cutin may incorpo- 
rate the fungicides into the leaf’s epidermal surface. Fungicide-in-oil 
emulsions are less limited by droplet size and are more practical than 
other formulations with the type of equipment tested. However, the 
coarser droplets and the vaporization of water in transit will require 
perhaps 10 gallons of spray per acre for adequate coverage rather than 
S gallons in oil alone. 



Weeding Com With Chemicals^ 

By William H. Lachman, Massachusetts Agricultural 
Experiment Station, Amherst, Mass. 

S OON after the selective herbicidal properties of 2,4— D were dis- 
covered many investigators directed their efforts in studying its 
possibilities for controlling weeds in corn. To date a tremendous 
amount of information has been published dealing with rates and meth- 
ods of application, effects of different 2,4-D formulations, varietal 
response, weather and soil conditions, and so on. This work has pro- 
gressed to a point where 2,4-D is now being used to weed thousands 
of acres of corn in the United States particularly in post emergence 
applications. As might be expected the response from treatments is 
not always comparable and much more work is necessary before fool- 
proof recommendations can be made. 

In 1945 a study was begun at this station to ascertain the value of 
several chemicals for weeding corn under conditions prevailing in cen- 
tral Massachusetts and the purpose of this paper is to report the re- 
sults of this work. 

There are two distinct methods of weeding corn with chemicals, 
either as pre-emergence or as post emergence applications. The pre- 
emergence technique with 2,4— D first described by Anderson and Wolf 
(3, 4) has a distinct advantage because of its exceptional weed killing 
properties against most annual grasses and broad leafed weeds. As 
opposed to this, post emergence applications of 2,4-D have little or no 
effect on grasses at concentrations that are safe to use on corn. 
Various formulations of 2,4— D are available as salts, amines and 
esters. Ellis and Bullard (13) found that the various forms of 2,4— D 
did not affect the number of marketable ears, yield or stand when 0.7 
pound of 2,4— D acid was applied to Golden Cross Bantam sweet corn 
as a side spray to plants 15 to 18 inches high. The ester forms are not 
generally considered safe in amounts greater than 0.25 pounds 2,4— D 
acid per acre when applied as direct foliar sprays to com ( 16) . Rahn 
and Schell (28) obtained equally good weed control with 1.5 pounds 
of the various forms in pre-emergence applications with some seedling 
injury caused by an ester but this damage disappeared within a week. 

Most investigators have found that 1.5 pounds of 2,4-D acid is 
sufficient to give good weed control with maximum safety (4, 5, 16, 
27, 28) although under certain conditions it is clear that larger amounts 
may be tolerated (14, 22). Most of the evidence, however, shows that 
0.5 pound 2,4-D acid is the maximum safe dosage tolerated by corn 
as a direct foliar spray when the salt or amine forms are used ( 12, 16, 
22, 23) and 0.25 pound 2,4-D acid when the ester forms are employed 
(16, 22). Van Alstine (33) has reported satisfactory weed control 
with acre applications as low as 0.05 to 0.10 pound of 2,4-D acid in 
the ester form, 

^Contribution No. 704 of the Massachusetts Agricultural Experiment Station. 
The chemicals used in these experiments were kindly supplied by the follovnng 
companies; Bow Chemical Company^ Aero Cyanamid Company, Sberwin Wil- 
liams Company, and American Chemical Paint Company. 
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Great differences exist in regard to the volitine of water used per 
acre for applying 2,4-D. Recently extremely low volume applications 
(as low as 2 to S gallons per acre) have been suggested (12, 16, 22, 
29, 33), Smith (31) has shown, however, that 2,4-D was most ef- 
fective and a higher percentage of spray was intercepted and retained 
at a volume rate of 12.7 to 25.5 gallons per acre. Rates of 40 to 125 
gallons per acre were less effective, and there was a progressive de- 
crease in magnitude of response as the volume was reduced below 
12,7 gallons per acre. Moreover, sprays of relatively large-droplet 
size were more effective than those of smaller-droplet size. 

It is apparent that some investigators believe that corn larger than 
6 inches tall is less susceptible to damage from 2,4-D (22), some say 
that it should not be treated until 12 to 18 inches tall (12, 22), and 
some evidence has been presented to the effect that the yield of corn 
was reduced from one-third to one-half or more by treatments up to 
the milk stage (38). In general there is a feeling that corn at these 
stages of development is less harmed by a sidespray than with a direct 
foliar spray. Dearborn et al (10) have reported that yields of Golden 
Cross Bantam sweet corn were not affected when it was treated at 10 
different stages of growth with 0,4, 0.6, or 0.8 pound of 2,4-D acid 
per acre. Wolf et d (40), Van Geluwe and Tafuro (34) and Shafer 
et d (30), however, indicate that young corn plants are more tolerant 
than older ones. Anderson and Wolf (4) have applied as much as 2.5 
pounds of 2,4-D acid to corn when 50 per cent of the seedlings were 
above ground without a significant reduction in stand or yield. 

Some workers indicate that in pre-emergence applications better 
weed control and less seedling injury result when the 2,4-D appli- 
cation is delayed for 5 to 8 days after planting (3, 4, 5, 16, 40) ; where- 
as others report no significant difference between pre-emergence ap- 
plications made 1 and 5 days after seeding (28). It has been demon- 
strated by Anderson and Wolf (4) that susceptibility of corn seed- 
lings to 2,4-D decreases rapidly up to the eighth day after planting. 

Post-emergence applications have little or no effect on grasses 
whereas pre-emergence applications do give more (3, 34, 36) or less 
(22, 26) control of annual grasses. Where good control of annual 
weeds has been obtained with the pre-emergence technique the land 
remains free of weeds for 3 to 6 weeks (2, 3, 34, 36) . 

Many workers have indicated that post-emergence 2,4-D treat- 
ments are apt to cause corn stalks to become brittle, resulting in break- 
age and a tendency to lodge more than untreated plants. Havis and 
Sweet (17) report less lodging in 2,4-D treated North Star and more 
lodging in treated Iona sweet corn. Dearborn et d (10) found no as- 
sociation between lodging and treatment. Hamner et d (14) have re- 
ported that pre-emergence spraying increased the development of 
brace roots and suggest this treatment to prevent lodging. They point 
out that this effect is in direct contrast to the inhibition of brace roots 
when 2,4-D is applied as a foliar spray. Ellis and Bullard (13) indi- 
cate that certain varieties produce an increased number of feeder roots 
with a post-emergence spray. 

Considerable difference of opinion exists as to the effect of the 2,4-D 
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on yields. The New Jersey Experiment Station has conducted wide- 
scale pre-emergence tests with field corn for three years. They indicate 
that little or no reduction in yields is to be expected on the heavier 
soils from a 1 to 1J4 pounds 2,4- D acid application applied 5 to 12 
days after the corn is planted (40). Warren and Hernandez (36) in 
one test, however, reported that a 2 pound pre-emergence application 
reduced yields by 12 per cent. Noll and Odland (26) reported no re- 
duction in yield even where 3 pounds of 2,4— D were used pre-emer- 
gence. Reports also vary on the effects of post-emergence applica- 
tions on yield. Some work (17) indicates that no yield reduction re- 
sulted, even when corn plants were badly malformed by the 2,4-D 
treatment. Dearborn (11) reports that post emergence 2,4-D appli- 
cations actually increased the yield but ear size was reduced where 
the rate was stepped up to 1 pound of 2,4-D acid per acre. 

Ellis and Bullard (13) report that leaf rolling induced by 2,4— D 
treatment did not result in delayed maturity, but Shafer et al (30) 
have demonstrated that spraying at the time tassels appeared did de- 
lay maturity. In one planting Warren and Hernandez (36) found 
that a pre-emergence application of 2,4— D delayed both emergence and 
maturity of sweet corn. 

It is rather significant that most of the evidence indicates that it is 
desirable to cultivate corn in conjunction with 2,4-D treatment 
whether weeds are plentiful or not (11, 32, 40). It is suggested, how- 
ever, that cultivation following pre-emergence treatment be delayed 
until corn is 15 to 18 inches tall, for stirring the soil before this may 
render the treatment ineffective. 

Also particularly noteworthy is the fact that varieties of sweet corn 
differ in response to 2,4— D treatment (10, 13, 17, 22, 34). It is clear 
that varieties such as North Star and Seneca Dawn are very sus- 
ceptible to 2,4— D injury, whereas loana, Lincoln, and Marcross show 
the least response, and Carmelcross, Spancross and Golden Cross are 
intermediate in this, respect (17). 

Anderson (5) has pointed out that pre-emergence use of 2,4-D on 
light sandy soils is hazardous because the emergence of seedlings was 
severely depressed and the control of w^eeds very unsatisfactory. This 
has also been reported by other workers (34, 40). 

Weaver et al (37) state that rainfall occurring within 24 hours of 
application reduced the effectiveness of the herbicide in post-emergence 
applications although some workers believe that rain shortly after 
treatment is not detrimental if the spray has already dried on the weed 
foliage ( 1 ) . There is a definite feeling that a heavy rain soon after pre- 
emergence application may be responsible for reducing the stand of 
plants and ultimate control of weeds (4, 5, 10, 34) . It is also true that 
moist soil has a tendency to inactivate 2,4— D even though it may not 
be leached (9, 25, 35). There is also evidence that organic matter in 
the soil is responsible for inactivating 2,4— D (19, 25), although where 
an addition of 4,000 pounds of cow manure reduced persistency, 8,000 
pounds reduced the rate of inactivation (9), Soil pH is another factor 
suspected of having some influence on persistency of 2,4-D in the soil 
but the evidence is conflicting (18, 19, 25). There is general agree- 
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ment that higher temperatures tend to dissipate 2,4-D more quickly 
from the soil (9, 18). 

Briggs and Wolf (8) have demonstrated the possibilities of con- 
trolling weeds in corn with cyananiid. They found that it was possible 
to eliminate the first and possibly the second cultivations with a pre- 
emergence application of 400 pounds of cyananiid. This treatment 
significantly reduced weeds and increased yields. 

Certain of the phenolic compounds also appear to be promising 
weed control agents in corn (6, 7, 27). While still strictly in the ex- 
perimental stage it is apparent that some of the di-nitro weed killers 
and the pentachlorophenates may be safer than 2,4-D in pre-emergence 
applications. 

Reports of Experiments 

Various chemicals, both wet and dry, were used in these experi- 
ments in pre-emergence as well as post-emergence applications. The 
rates of application have been varied. Particular attention has been 
given to 2,4-D because of the noteworthy results reported by other 
investigators who have used this chemical. 

The 1945 Tests : — In 1945 a 1 per cent solution of Sinox (sodium 
dinitro-ortho cresylate) was sprayed on about a quarter acre section 
of a sweet corn breeding nursery at the rate of 100 gallons per acre. 
Ammonium sulfate was added to the Sinox solution at the rate of 2 
pounds per 100 gallons to serve as an activator. The corn consisted of 
many types of early inbreds and was 1J4 to 2 inches high at the time 
of spraying. A post-emergence spray of 2,4-D (Weedone) was applied 
to a planting of Golden Cross Bantam sweet corn when the plants were 
about 14 inches tall. The 2,4-D was applied at a strength of 1000 ppm 
at the rate of 150 gallons per acre. 

Sinox proved to be very effective in controlling many broad-leafed 
weeds (20), especially when applied while the leaves were small, that 
is, to Il'ich tall, but the effect on grassy weeds was negligible. 
Little or no harm resulted to corn when the applications were made 
while the plants were in the spike stages and before the leaves had un- 
folded. Later spraying proved to be hazardous, especially where high 
temperatures followed the Sinox application. 

The 1000 ppm application of 2,4-D was very effective in controlling 
pigweed, galinsoga, purslane, and Iambus quarters in a planting of 
Golden Cross Bantam sweet corn, but annual grasses were not visibly 
affected. Leaves of the corn took on a very curious appearance a few 
days after the 2,4-D application. The leaves were rolled, many took 
an upright pose, and many of the stalks became curved. After 4 weeks, 
however, the plants had grown out of this malformed condition and 
later produced a normal crop. 

The 1946 Tests :' — In 1946 the Sinox treatment was again used in 
the sweet corn nursery as well as in the hybrid sweet com testing plots. 
A test with Sinox was also made in a block of approximately 2 acres 
of Carmelcross corn. The sodium salt of 2,4-D (500 ppm) at the rate 
of 100 gallons per acre was sprayed on a crossing plot involving 25 
early sweet corn inbreds when the plants were about 2 inches tall. 
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The work in 1946 emphasized the fact that sweet corn seedlings 
tolerate a 1 per cent Sinox spray for a short time after they emerge 
from the soil but the plants are very subject to injury after the leaves 
unfurl from the sheath. One vegetable grower sprayed a 2-acre field 
of Carmelcross corn when the plants were about 8 inches tall, causing 
a great deal of crop injury. Although none of the plants were killed, 
maturity was delayed for several days and a lower price realized on the 
crop. 

A collection of 25 sweet corn inbreds was not visibly affected by a 
500 ppm spray of the sodium salt of 2,4— D, applied at the rate of 100 
gallons per acre when the plants were 2 inches tall. Young broad-leafed 
weeds were killed but grasses were unaffected. A small planting of 
sweet corn was treated with 2,4-D at the rate of 2 pounds per acre im- 
mediately after planting and this demonstrated very clearly the pos- 
sibilities of pre-emergence weeding with chemicals (21). 

The 1947 Tests : — In 1947 the variety Seneca Chief was used in all 
of the experiments. The sodium salt of 2,4-D was applied just after 
planting as a spray at the rate of 2.75 pounds, acid equivalent, per 
acre. Other treatments applied at this time were 40 pounds of a 5 
per cent triethanolamine salt 2,4-D dust, and 100 gallons of No, 2 fuel 
oil. The amine salt of 2,4-D w’as also applied to other plots 5 days after 
planting, at the rate of 1 and 2 pounds, acid equivalent, per acre. Dow 
Selective Weed Killer (2 pints per 100 gallons) and the amine salt 
of 2,4— D at 600 ppm and 1200 ppm were applied later as direct foliar 
sprays when the corn was about 8 inches high. Some small-scale tests 
were also made using a Hauck Little Giant fl^ame gun as well as a Sizz 
Weeder. 

The most outstanding feature of this year's results was the com- 
plete control of all weeds except smartweed in the plots given a pre- 
emergence treatment with 2.75 pounds of 2,4-D. (Figs. 1 and 2). 
Many of the corn seedlings in these plots were twisted and the seedling 
leaflets did not unfold properly from the sheath. Approximately IS per 
cent of the plants were affected so badly that they did not develop 
properly or form ears. Weeds were so well controlled in this planting 
that cultivation was unnecessary. 

Weed control in plots treated with 2,4— D dust was extremely vari- 
able because of difficulties in distributing the dust uniformly. Drift 
to sensitive crops, such as peppers, in adjoining fields makes the use 
of 2,4-D dusts particularly hazardous. 

The pre-emergence application of fuel oil gave very satisfactory 
weed control and did not affect germination. This treatment kept the 
corn free of weeds for over 3 w^s. One per cent Dow Contact Weed 
Killer was not as effective as kerosene but was much more economkal. 
Later exploratory tests indicated that corn tolerates Dow Contact 
Weed Killer in applications up to 3 gallons per acre^ wiffi practically 
perfect control of annual weeds. Pre-emergence applications of Stod- 
dard Solvent at planting time were of little or no value. 

Post-emergence applications of 2,4— D or Dow Selective Weed Killer 
were very effective in controlling broad-leafed weeds, but had no visible 
effect on grasses: Post-emergence applications of the amine form of 
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2.4- D at 600 and 1200 ppm concentrations caused no malformation of 
Seneca Chief sweet corn where the material was applied to plants 8 
inches high. 

Weeding with a flame thrower was effective, but this treatment can- 
not be used on very young corn. Corn must be 8 to 10 inches tall be- 
fore the crop is adapted to this type of weed control. 

Cyanamid at the rate of 750 pounds per acre kept the land free of 
weeds for approximately 4 weeks. This treatment did not reduce the 
stand, but seedlings were yellow as they emerged from the soil. Later, 
it was apparent that the cyanamid acted as a stimulant to the corn. 
This effect was reflected very clearly in the yield of grain com in a 
cooperative-farmer-experiment. 

The 1948 Tests : — In 1948 more comprehensive experiments were 
conducted in view of the promising results of previous years as well as 
many successes reported by other investigators. Thirty treatments were 
applied to North Star sweet corn and these were replicated three times. 
The plots consisted of three 30-foot rows each and the coni was planted 
by hand with the rows spaced 3 feet apart and the seed 9 inches apart 
in the row. Records were taken from the middle plot row only. The 
soil was a Scarborough very fine sandy loam with an impervious sub- 
soil and was considered to be low in fertility. It was prepared in the 
normal manner and a 5-8-7 fertilizer was broadcast at the rate of 2,000 
pounds per acre. The corn was planted on June 15. Sprays of 2,4-D, 
both the sodium salt and the butyl ester; "ws^re applied on some of the 
plots 1 day after planting, and on pipts 6 days after planting, 
when about 12 to 15 per cent of thi corn plants had emerged. The 
germination period was quite cool and the -soil very wet. Granular 
cyanamid, Dow Contact Weed Killer, Dow general plus fuel oil 
were also sprayed on some plots one day after planting. On July 8. 
when the corn was about 8 inches high and weeds 2 to 4 inches high, 

2.4- 0 sodium salt and 2,4-D butyl ester were applied to previously 
untreated plots as foliar sprays. All of the sprays were applied with a 
hand pressure sprayer at the rate of 100 gallons per acre. The ti'eated 
plots were cultivated only once, on July 29, and the check plots were 
cultivated four times during the growing season. 

Results are presented in Table I. 

In another experiment 10 varieties of sweet corn were planted in 
nine blocks to determine whether 2,4-D had any differential effect on 
them when applied as a pre-emergence treatment. The sodium salt of 

2.4- D was applied on the day of planting at the rates of 1 and 2 pounds 
acid equivalent per acre and these plots were cultivated once, on July 
29, and the checks were cultivated four times. The plots were repli- 
cated three times. The following varieties were used in this test: 
Seneca 60, Spancross, Secena Dawn, Early Golden, North Star, Mar- 
cross, Carmelcross, Pilgrun, Lee, and Golden Cross Bantam, 

A large weed population was present rather uniformly consisting of . 
chickweed, lamb's quarters, purslane, pigweed, smartweed, wiregrass, 
galinsoga and a rather small percentage of ragweed. It is clearly ap- 
parent from Table I that the various chemicals had no significant 
effect on seed germination. It should be emphasized that the soil type 
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TABLE I — Effect of Chemicals on Weed Stand and on Germination, 
Development and Yield of North Star Sweet Corn 



Germina- 

Weeds Per 

Days to 
60 Per 
Cent 
Silking 
(Number) 

Plants 

Marketa 

ble Ears 

Treatments 
(Rates Per Acre) 

tion 

(Per 

Cent) 

Square 

Foot 

(Number) 

Lodged 
Per Plot 
(Number) 

Average 

Size 

(Pounds) 

Yield 

Per Plot 
(Pounds) 


Applied One Day After Planting 


Cyanamid 







600 pounds 

88 

37 

54 

8 

0.57 

22 

2 t 4 -D, Sodium Salt 







0.6 pound 

88 

23 

53 

11 

0.53 

18 

1.0 pound 

80 

26 

52 

8 

0.57 

24 

1.5 pounds 

85 

18 

51 

5 

0.58 

25 

2.0 pounds 

87 

18 

50 

4 

0.57 

25 

3.0 pounds 

84 

15 

51 

6 

0.59 

26 

2 , 4 -‘D, Butyl Bster 







0.5 pound 

87 

29 

51 

8 

0.55 

21 

1.0 pound 

89 

29 

52 

ll 

0.53 

18 

2.0 pounds 

87 

13 

52 

5 

0.60 

23 

Dow Contact Weed Killer 







1 gallon .... 

89 

43 

52 

8 

0.56 

23 

Dow General 







1 pint 4-1 gallon fuel oil 

87 

30 

50 

9 

0.62 

28 

1 pint +2 gallons fuel oil 

86 

38 

53 

12 

0.54 

19 


A pplied Six Days After Planting 



2 , 4 ~D, Sodium Salt 







0.5 pound 

90 1 

12 

52 

4 

0.61 

25 

1.0 pound . . . . 

86 

8 

53 

8 

0.56 

21 

1.5 pounds 

88 

8 

53 

10 

0.55 

23 

2.0 pounds 

86 

10 

53 

9 

0.58 

22 

3.0 pounds 

90 

6 

53 

5 

0.60 

24 

2 . 4 -D, Butyl Ester 







0.5 pound 

89 

20 

62 

7 

0.62 

24 

1.0 pound 

89 

15 

62 

6 

0.59 1 

22 

2-0 pounds 

87 

7 

52 

4 

0.58 

24 


Applied July 8 — Corn Eight Inches High 



2^4-0, Sodium Salt 

1 _ 1 


1 * 1 




0.50 pound 

— 1 




56 

10 

0.48 

14 

0.75 pound 

— 




54 

5 

0.65 

20 

1.00 pound 

— ' 




64 

2 i 

0.52 

19 

2.00 pounds 

— 


Covered 


55 

2 

0.61 

15 

2 , 4 -D, Butyl Bster 



with 






0.15 pound 

— 


Grasses 

1 

66 

4 

0.61 

17 

0.26 pound 

— 




63 

2 

0.55 

17 

0.50 pound 

— 




57 

2 

0.60 

17 

0.76 pound 

— 




52 

4 

0.46 

J3 

1.00 pound 

— . 




66 

5 

0.43 

12 

Control — Cultivated four 







times 

88 

0 

61 

20 

0.60 

27 

6 per cent 

** 

11 

** 


0.09 

7.3 

1 per cent 


16 



0.12 

10.3 


**No significant difference. 

All fibres are averaged of three replications. 
Treated plots were cultivated once on July 29. 


in the experimental area was a very fine sandy loam, and a heavy 
nature, and very retentive of moisture. This type of soil has been con- 
sidered safest to use in conjunction with pre-emergence applications 
of 2,4— D on corn. 

Large and significant differences exist among the various treatments 
in regard to their capacity for controlling weeds. The 6-day delayed, 
pre-emergence treatment was especially noteworthy in inhibiting weed 
growth and delaying the appearance of a late crop of weeds. None of 
the pre-emergence 2,4-D treatments were effective against smartweed. 
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Perhaps the most desirable treatment in respect to expense, weed con- 
trol, and safety was the 2,4— D sodium salt, pounds acid equivalent 
per acre. 

The Dow Contact and Dow General treatments were effective for a 
period of about 2 weeks but after that were of little value. In a later 
experiment it was rather evident that 2 to 3 gallons of Dow Contact 
Weed Killer per acre applied immediately after planting com was 
relatively safe and weed control was excellent. Plots receiving this 
treatment were free of weeds for approximately 6 weeks. 

Post emergence applications of 2,4-D were of little value in view of 
the large grass population. Competition from grasses probably ac- 
counts for a great deal of the loss in yield from these treatments. They 
caused a gerat deal of malformation of the corn plants expressed as 
leaf rolling, upright leaf pose, fasciation of brace roots, and so on, 
which increased in severity with increasing rates of 2,4-D (Figs. 3 and 
4), In this respect the butyl ester was estimated to be roughly 2.5 times 
as toxic as the sodium salt on a 2,4-D acid-pound basis. Where 0.15 
pound of the butyl ester showed little or no toxic influence on corn, 
0.25 pound gave a slight response and 0.5 pound produced severe mal- 
formation. 1 pound even dwarfed the corn to some extent and caused 
very extreme malformation of leaves. 

In another experiment it was evident that serious malformation of 
the corn did not result when the 2,4-D was applied as a side spray 
even though some of the. spray did wet the basis of the plants. 



Fig. 3. Unsprayed check of North Star sweet com. Photo made on August 24. 

Fig. 4. North Star sweet com sprayed with 2,4-D post-emergence, as direct 
foliar spray when corn was 6 to 8 inches high on July 8* Rates of 0.5 pound 
or more of butyl ester and 1.0 pounds or more of the sodium salt resulted 
in very seriously malformed pkmts. Photo made on August 24. 
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Although the results in Table I indicate no significant effect of 2,4-D 
on germination of North Star sweet coni there was a significant effect 
measured where 10 different varieties were under test. The average 
per cent germination was 80.5 for the check, 78.9 for 1 pound of 2,4-D 
and 74.4 for 2 pounds of 2,4-D. The average germination for all vaid- 
eties was significantly lower for the 2 pounds than for the check or 
the 1 pound treatment. The interaction of varieties by treatment was 
insignificant with respect to yield, but interaction of blocks by treat- 
ment was highly significant. This was to be expected on the basis of 
findings of other investigators to the effect that, in pre-emergence ap- 
plications of 2,4-D, results vary with respect to soil type. 

Cyanamid at the rate of 600 pounds per acre applied soon after 
planting corn prevented weed growth for several weeks; and later, 
when weeds did appear, both corn and weeds were stimulated by this 
treatment. 

Summary 

Several herbicides have been found that control weeds in fields of 
sweet corn for from 2 to 8 weeks. 2,4-D, post emergence, and di-nitro 
selective herbicides such as Siiiox and Dow Selective are effective in 
killing broad-leafed weeds but do not affect grasses to any extent. Pre- 
emergence applications of 2,4-D and Dow Contact or Dow General 
Weedkillers controlled both broad-leafed and grassy weeds. Delaying 
the 2,4-D application for 6 days after planting was especially bene- 
ficial in regard to better control of weeds. Thehiialformations associated 
with post emergence 2,4-D applications were much less severe when 
the material was applied in pre-emergence applications. 

On a cost basis, 2,4-D was the cheapest material to use. However, 
certain weather conditions occurring soon after application of 2,4-D 
may be hazardous, particularly on the lighter types of soils. Results 
with di-nitros look very promising, but more extensive trials are 
necessary to determine possible hazards with these materials. 
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Weed Control in Onions Grown from Sets^ 

By William H. Lachman, Massachusetts Agricultural Experi- 
ment Station, Amherst, Mass. 

I T HAS generally been considered that the principal job in the culture 
of onions between planting time and harvest is weed control. For 
generations this has been accomplished by hand labor in some form or 
another ; usually this meant a combination of hand weeding and culti- 
vation with wheel or shove hoes. On this basis it has been estimated 
that cultivating and weeding made up nearly 40 per cent of the total 
labor cost (5) in growing onions. 

Although chemicals have been used for centuries to control weeds 
it is only within the last SO years that their potential selective action 
was recognized. Within the last 25 years experimenters in Europe 
(1, 3, 4) and the United States (14, IS) found that dilute sulfuric acid 
was of value as a selective herbicide in onion fields. Recently Hedlin 
(11) and Carew and Hedlin (6) demonstrated that dilute solutions of 
potassium cyanate are selective for onions grown from seed and pro- 
vide a toxic agent for killing annual weeds. The purpose of the ex- 
periments reported here was to study the effect of several chemicals^ 
on weed control and the yield of onions grown from sets. 

Materials and Methods 

Experiments with Ebenezer onions were conducted on a Scar- 
borough very fine sandy loam with an impervious subsoil in 1947 and 
1948. The soil was moderately fertile and the pH ranged from 5.7 to 
6 . 0 . 

A Hauck ^Uittle Giant’’ flame gun was used for flaming weeds and 
this was carried at a rate of approximately 2.5 miles per hour. The 
Cyanamid dust treatment was with the material known as Aero Cy- 
anamid special grade and in post-emergence treatments no special 
effort was made to keep the dust off the plants. 

The Sinox used was of the old formulation with sodium dinitro- 
ortho cresylate as the active ingredient. A 1 per cent spray of Sinox 
with 1 pound of ammonium sulfate to 100 gallons of water was used 
as a direct spray on the onion plants as were Dow selective herbicide 
(2 pints to 100 gallons) and sodium pentachlorophenate (0.5 per cent 
solution). 2,4— D was applied at the rate of 2.0 pounds (acid equiv- 
alent) in 100 gallons of water using the 80.5 per cent sodium salt. 
Several strengths of potassium cyanate (KOCN) were used both as 
direct foliar and as side sprays. The brand name of this material was 
Aero Cyanate Weedkiller. Isopropyl phenyl carbamate (IPPC) was 
used as a pre-emergence application at the rate of 5 pounds per acre 
with sand as the diluent and Stoddard solvent with tributyl phosphate 
as the co-solvent as a second treatment. The Stoddard solvent, IPPC 

^Contribution No. 692 of the Massachusetts Agricultural Experiment Station. 
*The various chemicals used in these experiments were kindly submitted by 
the following: American Cyanamid Company, Dow Chemical Company, Pitts- 
burgh Plate Glass Company and Standard Agricultural Chemicals, Inc. 
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mixture was applied at the rate of 100 gallons per acre. A few ex- 
ploi'atory treatments were given but these were not replicated. The 
sprays were applied with a Brown open-hed No. 4 hand pressure 
sprayer fitted with a No. 8004 spraying systems fan-type nozzle and 
the speed of application was regulated so that the plots were covered 
twice at any given application to assure as uniform coverage as possible. 

In 1947 five replications and in 1948 three replications were used 
for each treatment and were laid out in randomized blocks. The plot size 
used was six rows, 15 feet long, with rows spaced IS inches apart. The 
onion sets were spaced 3 inches apart in the row. 

The following weeds were present abundantly and more or less uni- 
formly throughout the experimental area : purslane, chickweed, shep- 
herd’s purse, smartweed, lamb’s quarters, pigweed, galinsoga and wire- 
grass. Cultivation and hand w^eeding were not practiced on the chemi- 
cally treated plots at any time during the season. 

Yields of 1948 were considerably lower than those of 1947 and this 
might be expected in view of the inclement weather experienced during 
the first half of the growing season in 1948. Commercial fields experi- 
enced a considerable amount of onion blast (12) but the experimental 
plots were free from this trouble. It is not suggested that this was the 
result of any of the herbicidal treatments. 

Results and Discussion 

The results of the 1947 and 1948 experiments are presented in 
Tables I and II. While some of the treatments in 1947 were very ef- 
fective in controlling weeds, it is apparent that they were detrimental 
to the yields since the cultivated plots yielded more than those other- 


TABLE I — ^The Effect of Several Weed Control Agents on the Yifxd 
OF Set Onions in 1947 (Planted April 17 , Harvested July 20 ) 


Treatments 
(Five Replications) 

Rate 

Per Acre 

Number 
of Appli- 
cations 

Yield of 

U.S. No. 1 Onions 
(Bushels Per Acre) 



2 

635 

2 . Sodium Pentachlorophenato 0.5 per cent solu- 



tion 

90 gal 

2 

424 



4 

679 

4. Stoddard Solvent pre-emerg followed by scrap- 



ing 

100 gal 

1 




4 

607 

5. Dow Selective Herbicide (2 pints to 100 gallons) 

100 gal 

2 

479 

6 . Cyanamid Dust 

60 lbs 

5 

562 

7. i per cent Sinox + 1 pound (NH 4)3 SO 4 too 100 




gallons 

100 gal 

2 

501 

L.S.D. 5 per cent 



107 

1 per cent 



146 


wise treated. All of the differences are significant at the 5 per cent 
level and only the plots treated with Cyanamid and flame come within 
the least significant difference range at the 1 per cent level. The yields 
of scraped plots (very shallow cultivation) come within the range at 
both levels but even here the yield is lO.S per cent less than that pro- 
duced by deep cultivation. The lower yield in the scraped treatment 
might be attributed to the pre-emergence Stoddard solvent spray but 
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TABLE II — ^The Effect of Several Weed Control Agents on the 
Yield of Set Onions in 1948 * (Planted April 22 , Harvested July 29 ) 


Treatments* 

(Three Replications) 

Rate 

Per 

Acre 

Number 
of Appli- 
cations 

Weeds 
Per Sq Ft 
July 14 

Yield U.S. 

No. 1 Onions 
(Bushels Per Acre) 

1. Cultivated 


3 

0 

420 

2. Cyanamid dust (pre-emergence) + 

75 lbs 

1 

14 

392 

KOCN 1 per cent) 

80 gal 

4 



3. Cyanamid Sust (pre-emergence) + 

150 lbs 

1 

7 

413 

KOCN 2 per cent 

80 gal 

4 



4. IPPC in sand (pre-emergence) + 

5 lbs 

1 

16 

388 

KOCN 1 per cent 

80 gal 

3 



5. Na salt of 2,4-D (pre-emergence) + 

2 lbs 

1 

2 

287 

KOCN 1.5 per cent on plants 

80 gal 

3 



6. Cyanamid dust 

50 lbs 

3 

8 

265 

7. Granular Cyanamid (pre-emergence) + 

600 lbs 

1 

10 

324 

KOCN 3.0 per cent on plants. . . 

80 gal 

2 



8. IPPC in oil (pre-emergence) + KOCN 

5 lbs 

1 

16 

362 

1 per cent 

9. KOCN 2 per cent 

80 gal 
80 gal 

3 

4 

6 

413 

10. KOCN 2 per cent on plants 

80 gal 

4 

4 

349 

L.S.D, 5 per cent 



6 

72 

L.S.D. 1 per cent 



8 

99 


♦These were post-emergence treatments except where otherwise noted. 


this is doubtful since the onions showed no above-ground growth for at 
least 10 days after spraying and Stoddard solvent is completely evap- 
orated from the soil in a shorter time than this. No benefit in weed 
control resulted from this application of Stoddard solvent in mid-April 
before weeds had made their appearance. The results here are in line 
with those of Thompson (16) who found that onions grown on culti- 
vated plots over a period of 6 years yielded 7.69 per cent more than 
those grown on scraped plots. 

Flame cultivation was effective in controlling weeds. The onions 
appeared to be severely injured after the first treatment with flame 
but recovered in a few days. It was clearly apparent that the flame 
must be kept moving at a steady rate and not slower than 2.0 miles per 
hour to prevent excessive injury. 

The 0.5 per cent solution of sodium pentachlorophenate as a foliar 
application controlled broad-leafed weeds readily with little or no effect 
on annual grasses. This material damaged the onion leaves more than 
any other treatment in the experiment. From tests with onions in the 
greenhouse and with sweet corn in the field it is evident that the penta- 
chlorophenates are better adapted as pre-emergence herbicides. This 
is in line with the theory propounded by Crafts (8). Bakke (2) and 
Fitch (10), however, reported very promising results with this ma- 
terial as a post-emergence spray on onions in Iowa. 

Apparently selective di-nitro herbicides do not have the degree of 
selectivity for onions here that is reported in the far-west. Dow selective 
herbicide and Sinox proved to be quite toxic to the onions and their 
inability to control grasses to any extent was also a serious drawback. 
In a cooperative experiment with one grower, however, 2 acres of 
onions were saved that otherwise would have grown up in weeds be- 
cause of a labor shortage. Even so, this block yielded about 70 per^cent 
as well as other comparable fields. The sacrifice in yield was probably 
due to early weed competition as well as later injui^ from Sinox. 

Weeds in the plots treated with Cyanamid dust in post-emergence 
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applications were kept well under control in both years of the tests. 
It was not possible to predict accurately how much damage would ac- 
crue at any particular time of treatment. Best weed control resulted 
when weeds were wet with rain or dew at the time of application fol- 
lowed by clear, warm weather for several days. As might be expected 
most damage resulted to the onions under the same conditions that 
promoted best weed control. The grower previously mentioned also 
treated a 2-acre block of onions several times with Cyanamid dust in 
an effort to ''save the crop”. This block also yielded about 70 per cent 
as well as would have been expected had the field received proper at- 
tention. The grower felt well repaid, however, in view of the fact that 
little or no crop would have been realized without these treatments. 
The Cyanamid dust pre-emergence applications were particularly bene- 
ficial in controlling the first crop of weeds, especially at the 150-pound- 
per-acre rate. This effect was lost, however, in several weeks and it 
was then that potassium cyanate applications were especially useful 
and noteworthy. 

Granular Cyanamid as a pre-emergence application at the rate of 
600 pounds per acre controlled weeds very effectively for a period of 
3 to 4 weeks but after that the weeds came in abundantly. This treat- 
ment reduced the stand of plants somewhat and caused a great deal 
of leaf injury during the early part of the season. Later these plants 
recovered and appeared to grow in a normal manner even though it 
was apparent that this rate of application was too high for safety on 
onions. 

A 2 per cent solution of KOCN was very effective in controlling 
small weeds but this material should be applied as a side spray and 
not as a direct foliar spray. It was not possible to predict the amount 
of leaf injury from foliar sprays that might result from spraying with 
KOCN based on previous treatments for the attendant injury was 
quite variable at the various times of treatment. It was very evident 
that 1 or 2 per cent solutions of KOCN were relatively ineffective in 
controlling large weeds. This was especially true of annual grasses 
and lamb's quarters. These weeds were not affected by the sprays after 
they had developed to more than to i^^h in height so that it is 
essential to begin spraying just as soon as the weeds make their first 
appearance and proceed with later crops of weeds on the same basis. 

A number of growers in this area used KOCN successfully for weed- 
ing onions in 1948. They were all very pleased with the results and 
indicated their intention of using it again. One man treated 30 acres 
of set onions three times with KOCN in addition to his usual culti- 
vation practices and no hand weeding was necessary. Their estimates 
of the effects of KOCN varied from a slight decrease to a slight in- 
crease in yield. The results reported in Table II indicate an insignifi" 
cant reduction in yield from a side spray of 2 per cent KOCN. It should 
be noted that these plots were not cultivated or hand weeded during 
the season and while some weeds were present at harvest time they 
were not of sufficient size or numbers to warrant the expense of their 
removal. A 4 per cent solution of KOCN was very effective in con- 
trolling larger weeds with considerably more injury to onion plants. 
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A pre-emergence application of 2 pounds of 2,4-D reduced the stand 
of weeds to about 50 per cent as compared with untreated plots during 
the very early season and was classed as poor weed control when com- 
pared with the plots treated with KOCN. While the 2,4-D produced 
no noticeable effect on the onion plants the yields from these plots were 
the lowest in the experiment. This is in line with other w^ork on set 
onions (17). 

Isopropyl phenyl carbamate did not appear to affect the develop- 
ment of grasses to any extent in these tests but did exert a marked 
depressing effect on chickweed for a period of about 3 weeks which was 
rather surprising on the basis of previous work (13). 

A 2 per cent solution of sulfuric acid was used in some other tests 
with onions but the poor control of lamb’s quarters, purslane and an- 
nual grasses obtained together with its hazardous nature do not permit 
its general recommendation. It is significant that in greenhouse tests, 
Crafts (7) and Crafts and Reiber (9) found that they could kill seed- 
ling grasses with kerosene or gasoline without harm to onions. In out- 
of-door experiments at this Station, No. 1 fuel oil (kerosene). No. 2 
fuel oil, Sovasol No. 1 (white gasoline), Stoddard solvent, and Stod- 
dard solvent at 10 per cent, 25 per cent, and 40 per cent strengths, by 
volume, with No. 1 fuel oil as the diluent, all proved to be very toxic 
to onion plants grown from sets, and plants treated with these ma- 
terials were dead within 3 days. 

A spray of 3 per cent Dow contact weedkiller applied to the plots 
just before harvest was effective in controlling weeds and promoted a 
faster dying back of the tops. This hastened the field-curing process 
somewhat without any apparent injury to the onion bulbs. 


Summary 

The results from tests on experimental plots and in commercial fields 
indicate that a 2 per cent solution of potassium cyanate at the rate of 
80 gallons per acre is effective in controlling small, annual weeds in 
fields of set onions. Where three or four timely applications were 
given during the growing season no hand weeding was necessary. This 
herbicide should be used as a side spray and not as a direct foliar spray 
for the material is not sufficiently selective to permit an over-all ap- 
plication without reducing yields. 

A pre-emergence application of 75 to 150 pounds of cyanamid dust 
controlled weeds well for several weeks and was a valuable supplement 
to the spraying program with potassium cyanate. 
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The Present Status of Cydoheximide (Acti-Dione) 

As a Fungidde^ 

By J. R. Vaughn and C. L. Hamner, Michigan State 
College, East Lansing, Mich. 

T he antibiotic material cydoheximide (trade name Acti-dione) is 
one of the chemicals produced by the growth of Streptoniyces 
griseus. Unlike streptomycin, cydoheximide is not actively antibiotic 
against bacteria but is active again many fungi. Previous reports (4) 
have indicated that several plant pathogenic fungi are strongly in- 
hibited in laboratory culture when small amounts of cydoheximide are 
added to the culture medium. 

Laboratory Assay: — ^Ten different fungi were grown on potato dex- 
trose agar in petri dishes. There were five series of these plates con- 
taining 0, .2, 1, 2, 4 and 20 parts per million of cydoheximide. All 10 
were strongly inhibited by 20 ppm. Glomerella cingulata, cause of bit- 
ter rot of apples, was the least inhibited and there was 67 per cent less 
growth in the medium containing 20 ppm than in the medium contain- 
ing no cydoheximide. Monolinia jmcticola, cause of peach brown rot, 
grew 93 per cent less on 20 ppm than on the ch^ck plates. These figures 
are from the average measurements of the colony diameters of four 
plates for each treatment after 12 days of growth. At this time, the 
check plates were covered to the edge of the plate so the experiment 
was concluded. 

Other fungi which were strongly inhibited by 20 ppm were : Pythmm 
dcbaryanum (cause of damping-off of seedlings) 92 per cent less 
growth than the check; Pomes spp. (a wood-rotting fungus) 100 per 
cent ; Alternaria solani (cause of early blight of potatoes) 93 per cent ; 
Cladisporium cucumerinum (cause of a leaf spot of cucumber) 77 per 
cent ; Colletotrichum lagenarium (cause of bean anthracnose) 70 per 
cent. The Pomes culture was completely inhibited even by 2 ppm of 
cydoheximide in the medium. 

Powdery Mildew Control: — Greenhouse tests have been reported 
which show that the material gives satisfactory control of powdery 
mildew of beans and roses when sprayed with concentrations as low as 
2, 3, and 4 ppm. Two rose growers in the midwest who have tested the 
material for rose mildew control under commercial condition, report 
result (1). One of the desirable characteristics of the material that 
make it attractive to commercial rose growers is that unlike sulfur, it 
can be used immediately following parathion and other organic insecti- 
cides, without foliage injury. When used at concentrations below 5 
ppm, spraying must be repeated at 10-day intervals, more or less de- 
pending on the weather. 

Post-Harvest Brown Rot Control: — ^A series of three experiments 
was conducted this harvest season to find out if a post-harvest dip of 
peaches in a solution containing cydoheximide would decrease the 
amount of brdwn rot which develops after harvest. Seventy-five 
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peaches were used in the three tests and three concentrations of the 
chemical in which peaches were soaked for different lengths of time. 
Concentrations used were 20, 50 and 100 ppm, and the times were 5, 
10, 20, and 30 minutes. In a preliminary experiment it was found that 
there was more brown rot at 20 and 30 minutes than at 5 or 10 min- 
utes in all concentrations and the control solution. It was decided, 
therefore, to concentrate on the 5 and 10 minute times of dipping. The 
table shows part of the data from these tests. The figures are the aver- 
age per cent of rot of the various treatments 4 days after harvest. The 
peaches used were of the variety Rochester, and were picked full-ripe 
from trees which received no fungicide all season. The dips or soaks 
were made immediately following the harvest and the peaches were 
stored at room temperature (72 to 87 degrees F) in open bins simu- 
lating conditions in a retail store. The data in Table I are used as an 


TABLE I — Average Per Cent Rot of Peaches Pour Days After 
Harvest When Dipped for 6 or 10 Minutes in Solutions of Three 
Different Concentrations of Cycloheximide (Acti-Dione) 


Concen- 
tration of 
Cyclo- 
heximide 

5 

Minute 

Dip 

(Per Cent) 

Check 

(Per Cent) 

10 

Minute 

Dip 

(Per Cent) 

Check 

(Per Cent) 

5 

Minute 

Dip 

W/WA* 
(Per Cent) 

Check 

(Per Cent) 

10 

Minutes 
Dip 
W/WA 
(Per Cent) 

Check 

(Per Cent) 

20 parts 
per mil- 
lion. . . . 

16 

77 

17 

72 

14 

58 

24 

72 

50 parts 
per mil- 
lion — 

17 

75 

25 

75 

16 

58 

26 

72 

100 parts 
per mil- 
lion. . . . 

15 

77 

20 

75 

22 

68 

10 

64 


*A wetting agent, methylcellulose, was added to this series at the rate of 0.1 of 1 per cent. 


example because 4 days is sufficient time for most Michigan peaches 
to reach the ultimate consumer. Actually the experiment was allowed 
to run until almost all of the peaches finally rotted. It was interesting 
to note that in addition to the fact that all treatments showed a lower 
percentage of rot than the checks, the check peaches were more than 
90 per cent rotted by the brown rot organism while the treated peaches 
were about 10 per cent rotted by the brown rot organism, and 90 per 
cent by such fungi as Rhisopus and Pemcittimn spp. This suggests that 
cycloheximide controls brown rot but does not give lasting protection 
against the common molds which rot plant tissues. 

Turf Diseases :Som^ preliminary work with turf diseases indi- 
cates that cycloheximide may have value as a turf fungicide. In tests 
made last summer on several golf greens, the material gave as good or 
better control of brown patch and dollar spot, then the mercury com- 
pounds which were commonly used by the greenskeeper. A new (or at 
least very uncommon) disease of turf was present this year on golf 
greens, in Michigan, This disease is due to a species of Helmintho- 
sporium, and has only been reported once before as far as the authors 
were able to ascertain. The commonly used turf fungicides do not 
appear to give control of this disease. The disease was quite wide- 
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Spread in central Michigan this year. Several golf greens badly affected 
were sprayed with 3 to 6 gallons of cycloheximide solution at a 
strength of 100 to 300 parts per million. 

It was the opinion of the authors of this paper and of the greens- 
keeper of the course that the disease was controlled. Unfortunately, 
this observation could not be reaffirmed because the weather changed 
from hot and damp to cool and dry and the disease was checked on 
both the untreated and treated plots. If the material proves to be useful 
with further testing, there is one obvious chemical advantage over 
mercurial turf fungicides. Control was observed at 100 ppm and there 
is no injury to the turf at the highest concentration yet used (300 
ppm). 

Additional Suggestions : — In addition to the work summarized in 
this paper, other work is being done at Michigan State College on other 
diseases on other crops. Field tests this season on cucumber scab (2) 
show that cycloheximide produced the best control of any of the five 
fungicides tested. Decrease in amount of disease was highly significant 
over the check, and significantly decreased over the other materials* 
Conclusions : — Cycloheximide (Acti-dione) is a material worthy of 
further extensive testing on various crops against fungus diseases. The 
material is phytotoxic in some cases and this aspect must be thoroughly 
tested with each new crop before more extensive trials are undertaken. 
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Storage Tests with Long Island Cauliflower to Inhibit 
Leaf Abscission by Using Plant Growth Regulators^ 

By H. W. Hrusci-ika and J. Kaufman, U. S, Department of 
Agriculture, New York, N. F. 

F or a number of years requests have been received at the United 
States Market Pathology Laboratory, New York City, for infor- 
mation on the stoi'age of Long Island cauliflower. Representatives of 
local refrigerating companies have reported yellowing and shedding of 
leaves during early weeks of storage. Small-scale storage tests were 
therefore initiated in 1942 by E. V. Shear, formerly of this laboratory, 
and were continued during 1943 and 1944. 

During 1943 and 1944 marked reduction of leaf abscission was ob- 
tained by dipping the heads in 1^00 or 1-800 naphthleneacetic acid, at 
the time of storage. Similar results were obtained by Carolus, Lee, and 
Vandermark (1) of the Michigan Experiment Station by treating 
heads in kraft bags by means of shredded paper impregnated with vari- 
ous concentrations of naphthaleneacetic acid and by spraying heads 
with a solution of naphthaleneacetic acid. 

Storage tests with Long Island cauliflower were renewed on a larger 
scale in 1947 and continued through 1948. Emphasis was placed on 
the use of plant growth regulators to prevent leaf abscission. The pres- 
ent paper summarizes the results obtained during those two seasons. 

Experiments of 1947 

Two tests were conducted during 1947. In the first one the growth 
regulators were applied as sprays ; in the second they were applied by 
adding treated shredded paper to the crates. In the first test the cauli- 
flower was placed in storage in New York City at 33 degrees F and 90 
per cent relative humidity on the day of harvest ; and in the second test, 
on the day after harvest. 

Test 1947-1 : — The test was made with 34 crates (388 heads). Two 
spray treatments wei*e used: (a) a 50 ppm solution of the amyl ester 
of 2,4-dichlorophenoxyacetic acid (2,4-D) with per cent of Tween 
20 co-solvent in water; and (b) a similar solution containing 50 ppm 
of an equal mixture of 2,4— D and naphthaleneacetic acid (NA). All 
treated lots were sprayed at the time of tying, 2 weeks before harvest*. 
Half of the heads so treated also received a spray application immedi- 
ately after crating. Unsprayed cauliflower tied Sind harvested with the 
treated lots was used as checks.^ 

Replicate crates were examined at the end of 2, 4, and 6 weeks of 
storage. As the crates were examined each head was carefully lifted, 

^This is a report of studies made under the Research and Marketing Act of 
1946. The work was conducted under the general supervision of Dr. James S, 
Wiant. The plant growth regulators were supplied by Dr. J. W. Mitchell, Belts- 
ville, Md. Acknowledgment is here made to Mr, H. Meyjes, Calvertoii, Long 
Island, and to the officers of the Hermance Storage and Refrigerating Company 
and the Merchants Refrigerating Company of New York City for the use of 
their storage facilities. 
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held by the curd, shaken gently three times with a twisting niotiun of 
the wrist, after which fallen leaves were counted. The results of the 
test are summarized in Table I. 


TABLE I — Loss of Leaves by Abscission From Long Island Cauli- 
flower Treated With Plant Growth Regulators and Stored at 
33 Degrees F (First Test of the 1947 Season) 


No. 

Appli- 

cations 

Two ‘ 

Weeks’ Storage 

Four Week’s Storage 

Six Weeks’ Storage 

No, 

Heads in 
Treated 
Crate 

No. Lea 
By Abs 

ves Lost 
scission 

No. 

Heads in 
Treated 
Crate 

No. Lea 
By Abi 

ves Lost 
scission 

No. 

Heads in 
Treated 
Crate 

No. Lea' 
By Abs 

ves Lost 
scission 

Total 

Per 

Crate 

Average 

Per 

Head 

Total 

Per 

Crate 

Total 

Per 

Head 

Total 

Per 

Crate 

Average 

Per 

Head 

1 1 1 1 

13 

12 

12 

14 

119 

85 

87 

90 

9.2 1 

7.1 

7.2 

6.4 

Check U 

12 

12 

12 

12 

nlreaied 

159 

195 

145 

173 

13.2 

16.2 
12.1 
14.4 

12 

12 

11 

14 

249 

280 

280 

222 

20.8 

23.3 

25.5 

15.9 


Amyl ester of 2,4-D 


1 

11 

18 

1.8 

10 

9 

0.9 

12 

68 

5.7 

1 

10 

10 

1.0 

I 10 

13 

1.3 

12 

1 41 

3.4 

2 

10 

15 

1.5 

10 

8 

0.8 

11 

1 17 

1.5 

2 

10 

4 

0.4 

11 

5 

0.5 

1 10 

1 11 

1.1 





2,4 -D + N a 





1 

10 

16 

1.6 

12 

24 

2.0 

10 j 

28 

2.8 

1 

14 

32 

2.3 

10 

34 

2.1 


— 

, — 

2 

9 

12 

1.4 

12 

7 

0.6 

12 

32 

2.7 

2 

14 

19 

1.4 

— 

— 

— 

10 

13 

1.3 


At the 2“week inspection the curds were generally firm, white, and 
compact. An occasional head showed some slight decay. The leaves 
were generally fairly fresh and green. No difference other than that 
due to leaf abscission was noted between the several treated and un- 
treated lots. Abscission was serious in the check crates, namely 85 to 
1 19 leaves lost per crate, or an average of 6.4 to 9.2 leaves lost per head. 
In the treated lots an average of 0.4 to 2.3 leaves per head were lost by 
abscission. There was no commercially significant difference noted be- 
tween the two treatments although slightly better results were secured 
from two applications than from a single spray treatment. The treated 
heads were judged to be of U. S. No. 1 grade, whereas the checks were 
considered to fall below that grade because of insufficient number of 
leaves to protect the heads from bruising. 

It is interesting to note that observations made on 12 heads selected 
at random from the 12 crates of this inspection and held an additional 
6 weeks at 42 degrees F showed almost complete abscission in the check 
heads and practically no further abscission in the treated heads. The 
leaves of the treated heads actually rotted off without the formation of 
an abscission layer. 

At the 4-week inspection the cauliflower in all lots was found little 
changed from its appearance at the 2-week inspection, with the possible 
exception that it had a slightly less fresh appearance. The treated heads 
showed about the same amount of leaf abscission as was noted 2 weeks 
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earlier. These ci'ates were considered to be still in salable condition. 
The untreated checks, however, showed a loss of 159 to 195 leaves per 
crate or an average of 12.1 to 16.2 leaves per head. They were judged 
to be unsalable because of this loss of leaves. 

At the 6~week inspection the cauliflower in all crates showed mold 
growth on the jacket leaves and some of the exposed areas of the curds. 
Detailed examination showed various degrees of spotting and decay of 
leaves and curds by bacterial soft rot, Sclerotinia rot, and Alternaria rot 
so that none of the crates w^ere considered salable. There was slightly 
more leaf abscission in the treated lots than was noted earlier. Leaf 
abscission was much worse in the checks than that found at earlier in- 
spections, amounting to 249 to 280 leaves per crate, or an average of 
15.9 to 25.5 leaves lost per head. 

Test 1947-2 : — This test included five crates treated after crating 
with 50 grams (approximately 2 ounces) per crate of shredded paper 
impregnated respectively with the following: (a) check (untreated 
paper) ; (b) methyl ester of naphthaleneacetic acid (NA) at the rate 
of 10 grams per 1000 grams of paper; (c) like (b), but at the rate of 
50 grams per 1000 grams of paper; (d) amyl ester of 2,4— dichloro- 
phenoxyacetic acid (2,4~D), 10 grams per 1000 grams of paper; and 
(e) like (d), but at the rate of 50 grams per 1000 grams of paper. An 
attempt was made to have the paper in contact with all exposed portions 
of the heads, but complete coverage was of course impossible without 
opening the crates. The five crates were stored for 4 weeks at 33 de- 
grees F and were then examined as in the first test. A summary of the 
results is shown in Table IL 

TABLE II — Loss of Leaves by Abscission From Long Island Cauli- 
flower Treated With Plant Growth Regulators in Shredded Paper 
AND Stored Pour Weeks at 33 Degrees F (Second Test of the 1947 
Season) 


Plant Growth 
Regulators Used 

Application Rate 
per 1000 Grams 
Paper (Grams) 

No. 

Heads Per 
Treated Crate 

No. Leaves Los 

t By Abscission 

Total Per 
Crate 

Average 

Per Head 

Untreated paper 


12 

137 

11.4 

Methyl ester of N A 

10 

13 

27 

2.1 

Method ester of N A 

60 

12 

46 

3.8 

Amyl ester of 2,4-D 

10 

12 

32 

2.7 

Amyl ester of 2,4-D 

50 

12 

IS 

1.5 


At removal no significant difference other than leaf abscission was 
seen in the five lots. The curds were firm, white and compact and the 
l^ves were fresh and green. No decay was present. No commercially 
significant difference was noted between the four treated lots. They 
lost from 18 to 46 leaves per crate or an average of 1.5 to 3.8 leaves 
per head. The check crate however lost 137 leaves or an average of 
1 1 .4 leaves per head. 

It was noted that the abscission of the tr^ted leaves occurred fairly 
consistently on the sides untouched by the shredded paper, although an 
occasional head lost leaves all around the stem. In addition some of 
the treated leaves showed half of the abscission layer well formed and 
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the other half not formed or only partially formed. The leaves with in- 
complete abscission layers were at the edges of the areas untouched by 
the papei , thus suggesting the need for having each leaf touched by the 
paper if good control is to be achieved. 

Experiments of 1948 

Thiee tests were made in 1948. The plant growth regulator used in 
each instance was the amyl ester of 2,4— dichlorophenoxyacetic acid 
This was applied either as a water-solution spray containing 
SO ppm with ^4 per cent of Tween 20 co-solvent added, or as 

shredded oiled apple paper impregnated with 10 grams 2,4— D per 1000 
grams of paper. As during the previous season the spray was applied 
with a hand sprayer. When sprayed individually each head was given 
a thorough drenching with the spray material. When sprayed after 
crating, all exposed parts of the heads were given a thorough drenching. 

The shredded paper used in tests 1948 - 1 and 1948-3 was applied 
at the rate of 150 grams (approximately 6 ounces) per crate, and in 
test 1948 — 2 at the rate of 200 grams per crate. This was spread 
throughout the crate, giving each head as complete a coverage as pos- 
sible. In all three tests the cauliflower was treated, trucked to New York 
City, and there placed in cold storage (33 degrees F and 90 per cent 
relative humidity) on the day of harvest. In making all inspections after 
designated storage periods the heads were shaken individually, as has 
been described for the previous year, to determine the extent of leaf 
abscission. 

Tes^ 1948 -1 : — The first test of 1948 was made with 12 wire-bound 
crates, or 132 heads of cauliflower, harvested on November 9. In three 
crates the heads were sprayed after they had been harvested but im- 
mediately before packing ; in three crates they were’ sprayed Immedi- 
ately after packing ; shredded paper was added to three crates ; and a 
fourth lot of three crates was left untreated as checks. Replicates were 
thus available for the removal of one crate of each treatment at the 
end of each of the 2-, 4-, and 8-week storage periods. A summary of 
the results is presented in Table 3. 

At the 2-week inspection the curds of all lots were generally firm. 


TABLE III — ^Loss of Leaves by Abscission Prom Long Island Cauli- 
flower Treated With the Amyl-ester of 2,4-D and Stored at 33 
Degrees P (First Test of the 1948 Season) 



Two Weeks’ Storage 

Four Weeks’ Storage 

Eight Weeks’ Storage 

Method of 
.^plying 
Growth 

No, 

No. Leaves Lost 
By Abscission 

No. . 

No. Leaves Lost 
By Abscission 

No. , 

No. Leaves Lrost 
By Abscission 

Regulator 

Treated 

Crate 

Total 

Per 

Crate 

Average 

Per 

Head 

Treated 

1 Crate 

i 

Total 

Per 

Crate 

Average 

Per 

Head 

Treated 

Crate 

Total 

Per 

Crate 

; Average 
Per 
Head 

Check untreated 
Sprayed before 

* 12 

. 0 

0 

12 

0 

0 

12 

63 

5.26 

padfcibg 

Sprayp^ after 

12 

0 

0 

11 

0 

0 

10 

0 

0 

pa ftlntig- . . . . , , 

AppUedm shred- 
ded paper. . . . 

12 

0 

0 

12 

0 

0 

12 

1 

i 

0.08 

12 

0 

0 

11 

0 

0 

10 

0 

0 
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white, and compact, with a few showing a trace of spotting. The leaves 
were fresh and green in all lots, although the checks showed a trace of 
wilting ; none were abscissed. Some leaf damage from the oil was noted 
in the paper-treated lot. All crates were judged to be commercially 
salable. 

At the 4-week inspection the curds in all lots were still generally 
firm, white and compact, although there was somewhat more spotting 
than at 2 weeks. The leaves were still fresh and green and none had 
been lost by abscission. The leaves of the paper-treated lots showed a 
definite loss of turgidity probably due to the oil in the paper. 

After 8 weeks all four lots were seriously affected by spotting of the 
curds and spotting and yellowing of the leaves. One leaf was abscissed 
in the crate sprayed after packing while the other two treated crates 
lost no leaves. The untreated check crate lost 63 leaves or an average of 
of 5.3 leaves per head. None of the crates were considered salable at 
this time and only 2 heads out of the 44 inspected were considered to be 
of U. S. No. 1 grade. 

Test 1948 - 2 : — ^This was the most extensive test of the 1948 season. 
Tt comprised 48 crates (555 heads) harvested on November 17. Treat- 
ments were made as follows: (a) the heads in 12 crates (six nailed 
and six wire-bound) were sprayed with the growth regulator at the 
time of tying, 1 week before harvest; (b) heads in six crates (nailed) 
were sprayed after harvest but immediately before crating; (c) the 
heads in 12 crates (six nailed and six wire-bound) were sprayed after 
packing into the crates ; (d) the heads in six crates (wire-bound) were 
treated with the impregnated shredded oiled paper; and (e) the heads 
in 12 crates (six nailed and six wirebound) were left untreated as 
checks. 

Crates were removed from storage for inspection after holding 
periods of 2, 4, 5, 6, and 7 weeks, respectively. Two replicates of each 
type were removed at the 2-week withdrawal, one of which was in- 
spected at removal and the other held 1 day at room temperature before 
inspection. At all later inspections one crate of each lot was inspected 
at time of removal. A summary of the inspection results is found in 
Table IV. 

At the 2-week inspection the curds of all lots were firm, white, and 
compact, although a few scattered heads were spotted or slightly yel- 
lowed. Leaves were fresh and green. Slight damage by the oiled paper 
was observed in the paper-treated lot, but no other difference except 
that due to leaf abscission was noted between the various lots. Abscis- 
sion was not commercially important in any of the lots, but slight 
amounts occurred in the untreated checks (both types of crate) and 
in the nailed crate sprayed after packing. It should be noted that many 
of the remaining leaves of the checks could be removed with a moderate 
pull, whereas the treated leaves were firmly attached. 

In the crates removed at 2 weeks but held for an additional day at 
70 degrees F, spotting of the curds and spotting and yellowing of the 
jacket leaves was more pronounced than on the previous day. Oil in- 
jury in the paper-treated lot was also more pronounced. Abscission 
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TABLE IV — Loss of Leaves by Abscission From Long Island Cauli- 
flower Treated With Amyl-ester of 2,4-D and Stored at 33 De- 
grees F (Second Test of the 1948 Season) 




Two Weeks’ 
Storage 

Four Weeks’ 
Storage 

Five Weeks’ 
Storage 

Six Weeks’ 
Storage 

Seven Weeks’ 
Storage 

Method ot 
Applying 
Growth 
Regulator 

<0 


No. 
Leaves 
Lost By 
Abscis- 
sion 

No. Heads in 

Treated Crate 

No. 
Leaves 
Lost By 
Abscis- 
sion 

No. Heads in 

Treated Crate 

No. 
Leaves 
Lost By 
Abscis- 
sion 

No. Heads in 

Treated Crate 

No. 
Leaves 
Lost By 
Abscis- 
sion 

No. Heads in 

Treated Crate 

No. 
Leaves 
Lost By 
Abscis- 
sion 

1 

O 

o 

3 

No. Heads ii 
Treated Cra 

Total Per 
Crate 

Average 

Per Head 

Total Per 
Crate 

Average 

Per Head 

Total Per 
Crate 

Average 

Per Head 

Total Per 
Crate 

Average 

Per Head 

Total Per 
Crate 

Average 

Per Head 

Check un- 

N* 

12 

6 

0.5 1 

12 

87 

7, 2.') 

12 

60 

5.0 

12 

182 

15.2 1 

12 i 

136 

11.3 

treated 

wt 

12 

17 

1.4 

12 

86 

7.2 

12 

114 

9.5 

12 

174 

14,5 

12 

123 

10.25 

Sprayed at 

N 

12 

2 

0.2 

10 

6 

0.6 

10 

1 

0.10 

11 

4 

0.36 

11 

1 

0.09 

tying time 

w 

12 

0 

0 

12 

1 

0.08 

12 

3 

0.25 

12 

14 

1.2 

12 

9 

0.75 

Sprayed at 
harvest, be- 
fore packing 

N 

12 

0 

0 

12 

0 

0 

12 

3 ' 

0.25 

11 

0 

0 

12 

1 

0.08 

Sprayed at 
harvest, af- 

N 

12 

12 

1 0 

12 

8 

0.75 

12 

1 

0.08 

12 

10 

0.8 

12 

3 

0.25 

ter packing 

W 

12 

0 

0 

12 

8 

0.75 

12 

5 

0.4 

12 

7 

0.58 

12 

1 

0.08 

Applied in 

shredded 

paper 

W 

12 

0 

0 

10 

0 

0 

9 

0 

0 

10 

0 

0 

10 

0 

0 


♦Cauliflower crated in regular nailed crates, R.R. Tariff Number 440 Long Island Cauliflower 
crate. 

t Cauliflower crated in regular wire-bound Rock Fastener Crates for Long Island cauliflower. 


(not shown in Table IV) , although not yet occurring in serious amount, 
had increased somewhat on the check heads. The treated crates, how- 
ever, lost on the average less than one leaf per head. 

At the 4-week inspection the heads in all lots had a good fresh appear- 
ance with the exception of the paper-treated lot and the checks. Slight 
spotting by Alternaria rot and bacterial soft rot was seen on a few 
heads, but it was not commercially important. The paper-treated lot 
showed damage to the leaves by the oiled paper. No significant dif- 
ference in abscission was noted in the treated lots, which lost from 
none to eight leaves per crate. The checks lost 87 leaves in the nailed 
crate and 86 in the wire-bound crate, and therefore had an unattractive 
appearance. All spray-treated lots were judged fully salable at this time. 
The checks were judged unsalable as U. S. No. 1 grade because of the 
leaf abscission, and the paper-treated lot unsalable because of the oil 
injury. 

At both the 5-week and the 6-week inspection the spray-treated lots 
were judged to be on the border line of salability, and at the 7-week in- 
spection definitely unsalable because of the general and progressive de- 
terioration that had occurred during storage, that is, spotting of curds, 
spotting, yellowing, and aging of leaves. With regard to leaf abscission 
the checks lost commercially significant number of leaves in both nailed 
and wire-bound crates at all three inspections ; but the treated lots held 
their leaves, with an average of less than one leaf lost per head for all 
lots. The remaining leaves were firmly attached. 
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Considering all crates in this test it can be stated that very little dif- 
ference in abscission due to time of application or method of application 
(in paper or as a spray) was observed. Thus, only in two of the treated 
ci'ates was the loss as great as one leaf per head, and in most instances 
leaf abscission averaged less than one-half leaf per head. 

Test 1948-3 : — The final test of 1948, made with 12 wire-bound 
crates (144 heads) harvested on November 23, was a duplicate of the 
first one of the season. This included spraying immediately before 
crating and immediately after crating, use of impregnated shredded 
paper at time of crating, and an untreated check. One crate of each lot 
was removed at two, six, and seven weeks respectively. A summary of 
the results is presented in Table 5. 


TABLE V — Loss of Leaves by Abscission From Long Island Cauli- 
flower Treated With the Amyl-ester of 2,4-D and Stored at 33 
Degrees F (Third Test of the 1948 Season) 



Two Weeks’ Storage 

Six Weeks’ Storage 

Seven Weeks’ Storage 

I 

Method of 
Applying Growth 
Regulator 

No. 

Heads 

No. Leaves 
Lost by Ab- 
scission 

No. 

Heads 

No. Leaves 
Lost by Ab- 
scission 

No, 

Heads 

No. Leaves 
Lost by Ab- 
scission 

in 

Treated 

Crate 

Total 

Per 

Crate 

Aver- 

age 

Per 

Head 

in 

Treated 

Crate 

Total 

Per 

Crate 

Aver- 

age 

Pei- 

Head 

in 

Treated 

Crate 

Total 

Per 

Crate 

Aver- 

age 

Per 

Head 

Check untreated . . . . 

12 

2 

0,17 

12 

22 

1.8 

12 

40 

3.3 

Sprayed before packing 

12 

0 

0 

12 

0 

0 

12 

0 

0 

sprayed after packing 
Applied in shredded pa- 

12 

2 

0.17 

12 

8 

0.67 

12 

1 

0.08 

per 

12 

0 

0 

12 

0 

0 

12 

0 

0 


At the two-week inspection the curds in all lots were firm, white, 
and compact, with a few showing a trace of spotting with Alternaria 
rot. The leaves were fresh and green in the sprayed and check lots. The 
leaves in the paper-treated lot showed damage from the oil in the paper. 
Only four leaves were lost by abscission from the 48 heads in the four 
crates examined. All were judged readily salable. 

At both the six- and seven-week inspections all lots were seriously 
affected by curd and leaf spotting and by wilting and yellowing. No 
large amount of abscission occurred. The checks, however, lost more 
than the treated lots. None of the crates were judged to be still in salable 
condition. 

Discussion 

The experiments here reported indicate the effectiveness of certain 
plant gro^h regulators in increasing the storage life of Long Island 
cauliflower by reducing or preventing leaf drop. Loss of leaves from 
abscission was reduced to the point where it was commercially insig- 
nificant. Representative heads of treated and untreated cauliflower are 
shown in Fig. 1. 

It has been brought out in these tests that the time of application had 
little influence on the effectiveness of the treatments. Applications made 
respectively at (a) 2 weeks before harvest, (b) two weeks before har- 
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Fig. 1. Effect of plant growth regulators on leaf abscission of cauliflower. 
Three representative heads illustrating the condition after 4 weeks’ storage 
at 33 degrees F (Test 1948-2). (Left) check-untreated; (Center) sprayed 
1 week before harvest, that is, at the time of tying; (Right) sprayed im- 
mediately after packing in crate. 

vest and again at time of harvest, (c) 1 week before harvest, (d) at 
harvest before crating, and (e) at harvest after crating were all suc- 
cessful. Although no experiments were conducted to determine the ef- 
fect of delay after harvest on the effectiveness of the treatments it would 
appear advisable in any commercial practice not to delay treatments 
any longer than necessary after the time of harvest. 

The treatments were equally effective whether made by spraying the 
heads with solutions of the plant growth regulators or by adding treated 
shredded paper to the crates. It should be pointed out, however, that 
thoroughness of application, whether by spray or by treated paper, 
plays an important role in the effectiveness of the treatments. Some leaf 
injury was caused by oil in the shredded paper. Consequently, some 
other means will have to be worked out for applying the growth regu- 
lators to the shredded paper before this method of application can 
find commercial acceptance. 

Different forms of 2,4-D and of naphthaleneacetic acid or a 50-50 
mixture of the two were equally effective in reducing leaf abscission. 

The results were essentially the same whether the cauliflower was 
stored in the nailed crate or in the wire-bound crate. 

Although there was some variation between tests it can be stated that 
throughout the two seasons the cauliflower generally remained in good 
salable condition for a storage period of 4 weeks. After about that long 
in storage there was progressive deterioration, as evidenced by wilting 
and yellowing of leaves and by spotting and decay of the curd. Inspec- 
tions subsequent to those at 4 weeks were not made at uniform periods. 
For that and other reasons it would be difficult to state at what specific 
point stored cauliflower might be expected to become unsalable. This 
undoubtedly would vary from season to season and would probably de- 
pend upon such factors as quality and condition when stored, age of 
the field from which harvested, time of harvest, and many others. It 
would appear, however, from the results of two seasons’ tests that Long 
Island cauliflower properly treated might reasonably be expected to 
hold up in storage at 33 degrees F for about 4 to 6 weeks. The use of 
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the growth regulators had no effect on such things as leaf wilting and 
yellowing or spotting and decay of leaves or of curd. By preventing leaf 
abscission the treatments do, however, have a pronounced effect in pre- 
serving the appearance of the cauliflower and in removing one of the 
chief obstacles to successful storage of Long Island cauliflower. 

Summary 

In storage tests conducted during 1947 and 1948 observations were 
made on 111 crates totaling 1280 heads of Long Island cauliflower. 
Leaf abscission during storage was practically prevented by the use of 
different forms of 2,4-0, naphthaleneacetic acid, or 50-50 mixtures of 
the two. These growth regulators were effective whether used as sprays 
or as vapors emanating from impregnated shredded paper. Some leaf 
injury resulted from the oil in the shredded paper. Treatments made 
at the time of harvest, either before or after packing, or made by spray- 
ing the plants in the field at the time of tying were about equally ef- 
fective. Treated cauliflower held up well in storage (at 33 degrees F) 
for about 4 to 6 weeks, after which deterioration from leaf yellowing, 
and wilting, and from spotting and decay of leaves and curd made the 
cauliflower unsalable. 
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Retarding Sprout Growth of Potato Tubers by Spraying 
the Foliage with 2,455-Trichlorophenoxyacetic Acid^ 

By J. Howard Ellison and Ora Smith, Cornell University, 
Ithaca, N, y. 

P REVIOUS papers (1,3,4) have dealt with the problem of retarding 
sprout growth of potato tubers by spraying growth regulating 
chemicals on the plants. The present paper is a report of the results 
obtained from a field experiment in 1947 and from other tests carried 
out in storage rooms during the winter of 1947-48. 

Materials and Methods 

In 1947 a field experiment was conducted on Bruce CottrelFs farm 
near Scott, New York in which aqueous sprays containing hormones 
were applied to an experimental area in a field of potatoes of the 
Sebago variety growing on a Howard gravelly loam soil. The field 
had been planted May 25, 1947 with 1500 pounds of 8-16-16 com- 
mercial fertilizer applied in bands at planting time. Regular cultivation 
was provided for the experimental plots throughout the growing 
season. 

Treatments consisted of methyl ester of a-naphthaleneacetic acid 
(MENA) at 3000 ppm^; sodium a-naphthaleneacetate (sodium NA) 
at 500, 1750 and 3000 ppm ; and sodium 2,4,5-trichlorophenoxyacetate 
(sodium 2,4, 5-T) at 50, 175 and 300 ppm. The above chemicals were 
applied on August 1 (E), August 22 (M) and September 10 (L). 
Each plot received only one spray application so that it was treated 
either early, midseason or late. Sprays were applied at the rate of 150 
gallons per acre through hand operated equipment. One untreated 
control plot was included in each replication, making a total of 22 
treatments. A randomized block design was used with three replica- 
tions. Each plot consisted of four rows 25 feet in length and only the 
inner two rows were sprayed and used for record. 

After the plants matured and the vines were dead, the crop was 
harvested with a commercial two-row potato digger. The tubers were 
weighed during the grading operation so that yields could be recorded. 
Specific gravity of the U.S. No. 1 size tubers was taken as a criterion 
of starch content and table quality. 

A 20-tuber sample from each of the field replicates (66 samples in 
all) was weighed and placed in storage at 50 degrees F on October 25, 
1947 for sprouting and shrinkage measurements. On February 26, 
1948 the samples were reweighed and desprout ed. The weight of 
sprouts was obtained to the nearest gram. 

On April 17, 1948 a storage test was begun using non-dormant 

^Paper No. 315, Dept, of Veg. Crops, Cornell University, Ithaca, N. Y. 
The authors are indebted to the Dow Chemical Company, Midland, Michigan 
and to the American Cyanamid Co., 30 Rockefeller Plaza, New York, N. Y. 
for contributing materials used in this study. 

®MENA will not be discussed in the results since it gave essentially the same 
effects as sodium NA used at 3000 ppm. 
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Sebago potatoes. Treatments consisted of the isopropyl ester of 2,4,5'-T 
at 0.5 and 1.0 gram and MENA at 1.0 gram per bushel. The chemicals 
were applied in the dust form to the potatoes, and untreated tubers 
were included for comparison. Treatment samples of 10 tubers each 
were placed in brown paper bags, replicated seven times, and stored 
at SO degrees F until June 28, at which time the sprouts from each 
sample were removed and weighed to the nearest gram. 


Results 

Yield : — ^Yield data are not presented in this paper because none of 
the treatments altered yields relative to the control, which was 468 
bushels of U.S. No. 1 size tubers per acre. 

Specific Gravity : — Since specific gravity is correlated with tuber 
quality, it might be mentioned here that some of the hormone treat- 
ments reduced quality. As in the 1946 experiment (1), the injury was 
both external and internal, appearing similar to scab and hollow-heart 
respectively. In general, the earlier the treatments were applied to the 
plants the more severe was the injury to the crop. The higher rates of 
hormones were injurious, whereas some of the lesser concentrations 
were innocuous even at the early date of application. No ill effects 
were associated with the following treatments : sodium NA 500 or 1750 
ppm used early, midseason or late; sodium NA 3000 ppm applied 
late; sodium 2,4,5--T 50 ppm applied early, midseason or late; or 
sodium 2,4,5-T 175 or 300 ppm applied late. All other treatments 
cause some injury to the crop and were deemed not practical. 

To determine the statistical significance of the various treatment 
effects, the single degree of freedom technique as described by Snedecor 
(5) was used. This permitted grouping and weighting of treatments 
so that various comparisons could be made. 

Table I contains the specific gravity data. The average specific 
gravity of the tubers from all the sodium NA treatments was not 
different from the control at odds of 19 :1. However, the mean of 1750 
and 3000 ppm sodium NA reduced the specific gravity relative to 500 
ppm at 19:1 odds. No significance lay between 1750 and 3000 ppm. 

The early sodium NA treatment reduced the specific gravity com- 


TABLE I — ^Effect of Rate and Date of Application of Growth 
Regulators to Potato Plants on the Specific Gravity of the 
Tubers (Sebago Variety Planted May 25 , 1947 ) 


Growth Regulators 

Rates 

Dates of Application to Potato 

Plants 

(Ppm) 

Aug 1 
(Sp Gr) 

Aug 22 
(Sp Gr) 

Sep 10 
(Sp Gr) 

Mean 
(Sp Gr) 

Sodium naphthaleneacetate 

500 

1.064 

1,064 

1.068 

1.065 

1,750 

1.060 

1.063 

1.064 

1.062 


3.000 

1.058 

1.062 

1.061 

1.060 


Mean 

1.061 

1.063 

1.064 

1.063 

Sodium trichlorophenoxyacetate | 

50 

1.063 

1,066 

1.066 

1.065 

175 

1.061 

1.068 

1.065 

1.065 


300 

1.068 

1.063 

1.064 

1.062 

Untreated control 1.066 

Mean 

1.061 

1.066 

1.066 

1.064 
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pared to the mean of midspson and late applications at odds of 19:1, 
but no difference was associated with midseason versus late application. 
1 he average effect of the sodium 2,4,5— T treatments was no different 
from the control, but the early treatment reduced the specific gravity 
compared with the midseason and late applications. However, there 
were no other significant effects of 2,4, 5-T on specific gravity. 

The effects of foliar hormone sprays on the weight of sprouts of the 
tubers in subsequent storage is seen in Table II. The average of all 
sodium NA treatments did not affect sprout growth compared to the 
control, but the early sodium NA sprays did retard sprouting in com- 
parison with the midseason and late treatments. The sodium 2,4, 5-T 
reduced sprouting markedly compared to the sodium N A or to the 
control. Sodium 2,4, 5-T at 50 ppm was less inhibitory than the mean 
of 175 and 300 ppm, but no difference fell between the latter two. 

TABLE II — Effects of Rate and Date of Application of Growth 
Regulators to Potato Plants on the Weight of Sprouts (Grams 
Per Tuber) in Subsequent Storage at 50 Degrees F (Sebago Variety 
Planted May 25, 1947) 


Growth Regulators 

Rates 

Dates of Application to Potato Plants 

(Ppm) 

Aug 1 

(Gra /Tuber) 

Aug 22 
(Gm /Tuber) 

Sep 10 
(Gm /Tuber) 

Mean 

(Gm /Tuber) 

Sodium naphthaleneacetate 

500 

2.30 

3.07 

3 22 

2.86 


1,750 

2.27 

2.82 

3.13 

2.74 


3.000 

2.27 

3.13 

3.10 

2.83 


Mean 

2.28 

3.01 

3.15 

2.81 

Sodium 2,4,5-trichlorophen- 

50 

1.70 

2.93 

2.73 

2.45 

oxyacetate 

175 

1.22 

2.25 

2.75 

2.07 

300 

0.87 

1.97 

2.83 

1.89 

Untreated control 3.17 . ... 

Mean 

1.26 

2.38 

2.77 

2.14 


The most highly significant reduction in sprouting was effected by 
the early application of 2,4,5-T compared to the midseason and late 
treatments, with no difference showing between the latter two. 

Storage Application of Sprout Inhibitors : — ^Table III shows the 
effects of applying the sprout retardants directly to the tubers in 
storage. Although the isopropyl ester of 2,4,5-T at and 1 gram per 
bushel was highly effective in retarding sprout growth (see control), 
the MENA at 1 gram per bushel was still more inhibitory than an 
equal amount of the 2,4,5— T isopropyl ester. 


TABLE III — ^Effect of Applying Hormones Directly to Sebago Po- 
tato Tubers on Their Sprout Growth at 50 Degrees P (Each Value 
IS THE Mean of Seven Replicates — ^70 Tubers) 


Chemicals 

Rates 

(Gm/Bu) 

Weight of Sprouts 
(Gm /Tuber) 

Isopropyl ester of 2,4,5-Tt 

0.5 

3.7* 

Isopropyl ester of 2,4,5-T 

1.0 

2.9* 

MENA? 

1.0 

1.5** 

Untreated control 

None 

10.8 


’•'Significantly lower than untreated lots at odds of 99:1. 
♦♦Significantly lower than any other treatment at odds of 99:1. 
tlsopropyl ester of 2,4,6-trichlorophenoxyacetic acid, 
t Methyl ester of a-naphthaleneacetic acid. 
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To obtain information on the inhibitory action of 2,4, 5-T when its 
penetration into the tubers was assured, the following experiment was 
conducted. Ten toothpicks soaked for 1 week in a saturated solution 
of sodium 2,4, S-T were inserted about 1 inch into each tuber. Similar 
untreated tubers were used as controls. After storage for 3 months at 
SO degrees F, treated tubers were just beginning to sprout, whereas 
several sprouts 3 to 4 inches long had developed on each of the un- 
treated tubers (Fig. 1). 



Fig. 1. Left: Tuber pierced with toothpicks which had been soaked in sat- 
urated aqueous solution of sodium 2,4, 5-trichlorophenoxy acetate. Center: 
Same as on left except that picks were removed prior to photographing. 
Right: Untreated tuber. 

The toothpick technique was further employed to insure equal 
penetration of sodium NA and sodium 2,4, 5-T into comparable sets 
of potato tubers. Aqueous solutions of 1000 ppm of the two respective 
salts were used for soaking the toothpicks. One set of toothpicks was 
soaked in distilled water for comparative purposes. After the picks 
were soaked S days they were inserted into tubers of the Houma 
variety of similar size, and one series of untreated tubers with no 
toothpicks was included as a control. Eight replications were used.^ 

Table IV shows very marked sprout retardation associated with 
sodium NA and sodium 2,4, S-T (see control), but no significant 
difference between the two chemicals. Toothpicks soaked in distilled 

TABLE IV— ‘Sprouting of Houma Potatoes as Affected by Piercing 
THE Tubers With Toothpicks Which Had Been Soaked in Hormones 
and in Distilled Water (Single Tuber Plots Were Used and Each 
Value is the Mean of Eight Tubers) 


Treatments 

No, Picks 
Per Tuber 

No, grouts 
Per Tuber 

Weight 
Sprouts Per 
Tuber (Chns) 

Toothpicks soaked in sodium NA* (1000 ppm) 

10 

ao 

3.0 

Toothpicks soaked in sodium 2,4,6-Tt (1,000 ppm) . , . 

10 

5.0 

2.6 

Toothpicks soaked in distilled water 

10 

12.1 

9.2 

Untreated control 

None ! 

11,4 

11.0 


’^'Sodium naphthaleneacetate. 
tSodmm 2,4,5-trichlorophenoxyacetate, 
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water had no significant effect on number or weight of S2:n‘Outs com- 
pared with the unpierced control tubers. 

Discussion and Summary 

Sodium 2,4,5— T sprayed on potato foliage at 50 ppm was more in- 
hibitory to subsequent sprouting of the tubers than was 3000 ppm of 
sodium NA. Both chemicals were much more effective in reducing 
sprout growth when sprayed on the plants just prior to blossoming 
(early) than when applied later in the season. Early application of 
sodium 2,4, 5-T at 175 and 300 ppm or sodium NA at 1750 and 3000 
ppm produced injury to the crop, but SO ppm of the 2,4, 5-T applied 
early did not harm the tubers and gave significant sprout inhibition. 
Sodium NA at 500 ppm (early) was harmless, but not inhibitory to 
sprouting. 

Isopropyl ester of 2,4, 5-T was not quite as inhibitory to sprouting 
as was MENA when both were applied in the dust form to potatoes 
in storage. The fact that the isopropyl ester is slightly less volatile 
than the methyl ester may constitute a handicap for the 2,4, S-T for it 
has been established that these materials act in the volatile form (2 ). 

Matched tubers which had been pierced with toothpicks impregnated 
with sodium NA and sodium 2,4, 5-T respectively failed to show any 
significant difference in number or weight of sprouts. 

Why these two chemicals differed so widely in their inhibitory 
power when used as foliar sprays, but differed so little when used 
directly on tubers in storage cannot as yet be explained. Further work 
is being carried on involving these and other sprout inhibitors. 
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Vegetable Varieties for the Tropics^ 

By Ethel G, Mullison and Wendell R. Mullison, Dow 
Chemical Company, Midland, Mich. 

T he importance of the proper choice of vegetable varieties for any 
given area is well known. In view of the relative paucity of in- 
formation regarding vegetable varieties suited for the Tropics the re- 
sults of our investigations are given here. 

Raising temperate-climate vegetables in the Tropics often is dif- 
ficult because of the prevalence of plant diseases, insect pests, and the 
high temperature. In areas that are too warm, head lettuce and cauli- 
flower, for example, may fail to form heads while tomatoes may chief- 
ly produce such small fruit as to be unmarketable. This is often not 
due, as may generally be thought, to high temperatures prevalent dur- 
ing the day, but to high night temperatures ( 1, 2, 3, 4) . It appears that 
in areas where the night temperature does not drop below 77 degrees 
F it is impossible to obtain a good crop from most tomato varieties 
which are in ordinary commercial use in temperate regions. Flowever, 
there is great variation among vegetable varieties in their ability to 
produce crops under conditions of high temperature, and much can 
be done towards obtaining good yields merely through the proper 
varietal choice. 

This paper is the result of years of practical experience at Cura- 
cao, in the Netherlands West Indies. Curacao is a small island in the 
Caribbean located at approximately 12° N latitude. It has an average 
annual rainfall of about 25 inches which falls mainly during a long 
rainy season in the fall and early winter. Despite the low annual rain- 
fall the relative humidity is quite high, being an average of about 74 
throughout the year. The temperature is quite moderate and fairly 
even. The highest recorded temperature for the past eight years was 
96.4 degrees F, while the lowest was 64. S degrees F. Table I giving 
certain climatological data that include the average diurnal temperature 
range by months is included. The minimum temperatures are to be 
noted particularly. The average minimum temperature even during 
the winter months is in the 70’s. During the summer the average 
minimum temperature, usually occurring at night, does not drop be- 
low 77 degrees F. 

At Curacao the Shell Oil Company maintains a sizeable hydroponics 
unit in order to produce fresh vegetables for its employees. A large 
number of the usual temperate-climate vegetables were grown. 

Because of the desirability of placing this project on a self-support- 
ing basis four main factors were considered in this program witli re- 
lation to each crop : 1, amount of labor involved ; 2, total yield ; 3, length 
of time a crop occupied a bed ; and 4, market price. Certain crops 
which grew well, such as tendergreen mustard and shogoin turnip 
were discarded in favor of swiss chard, because the latter could be pro- 
duced more cheaply. 

^This work was done from 1944 to 1946 while the authors were employed by 
the Curacaosche Petroleum Industrie Maatschappij (Shell Oil Co.) at Curacao, 
Netherlands West Indies. Thanks are due the management of C.P.I.M., Director 
A. Troost in particular, for permission to publish these results. 
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TABLE I—Climatological Data* for Curacao, Netherlands West 

Indies 



Temperature 

Average 

Tem- 

pera- 

ture 

Average 

Maxi- 

mum 

Tem- 

pera- 

ture 

Average 

Mini- 

mum 

Tem- 

pera- 

ture 

Average 

Rela- 

tive 

Humid- 

ity 

Cloudi- 

ness** 

i 

Rain- 

fall 

(Inches) 

SAM 

1 P M 

6PM 

January 

78.0 

83.0 

78.0 

79.0 

86 

73 

75,3 

4.95 

3.02 

February 

78.0 

83.0 

78.0 

80.0 

86 

73 

72.7 

4.64 

0.88 

March 

78.0 

84.0 

78.0 

80.0 

87 

73 

73.0 

4.63 

0.72 

April 

80.0 

85.0 

79.0 

81.0 

88 

75 

74.1 

4.63 

0.39 

May 

81.0 

87.0 

81.0 

83.0 

89 

i 76 

74.7 

4.68 

0.49 

June 

81.0 

87.0 

81.0 

84.0 

89 

77 

74.0 

4.55 

1.06 

July- 

80.0 

87.0 

81.0 

83.0 

89 

77 

73.3 

4.22 

1.12 

August 

83.0 

88.0 

82.0 

84.0 

89 

77 

71.6 

3.95 

1.39 

September 

83.0 

89.0 

83.0 

85.0 

92 

78 

71.6 

4.23 

2.17 

October 

82.0 

87.0 

82.0 

84.0 

89 

78 

73.9 

4.92 

3.45 

November 

77.0 

85.0 

81.0 

83.0 

89 

75 

78.0 

5.37 

6.11 

December.. .. 

82.0 

84.0 

79.0 

81.0 

87 

75 

77.0 

5.04 

4.46 

Yearly average 

80.2 

85.7 

80.2 

82.25 

88 

76 

74.1 

4.63 

25.26 


*This table based on the records for eight years (1937 to 1944). 
** 0 « Sky cloudless. 

10 Sky completely overcast. 


Plants were all grown in the full sun except where it is noted that 
shade was given. Nutrients were supplied to the plants by means of 
subirrigation of the gravel beds in which they were growing. Although 
the salinity of the water was higher than desirable for optimum growth 
yet otherwise excellent growing conditions were provided. While the 
results obtained were from plants grown by means of gravel culture, 
yet they are believed to be of the same relative order that would have 
been obtained if the plants had been grown in soil. For reasons of 
brevity the yield data are not included. 

The various vegetables tested may be divided into three groups : 

A. Crops extensively tested (that is, recommended varieties which 
were given from 6 to 12 trials) : tomatoes, cucumbers, swiss 
chard, lettuce, celery. 

B. Vegetables moderately tested (3 to 6 trials) : eggplant, shogoin 
turnip, tendergreen mustard, green beans. 

C. Vegetables given preliminary testing (1 to 3 trials) : peppers, 
various cooking greens except those listed above, lima beans, 
butter beans, cauliflower, beets, carrots, radishes, leeks, broccoli. 

Tomatoes 

Sixty-three varieties of tomatoes were tried. These were : Beefheart, 
Beefsteak, Bide's Recruit, Bison, Bonny Best, Bounty, Break of Day, 
Burbank, Cardinal, Cleo, Comet, Cuban Marglobe, Earliana, Early 
Baltimore, Early Santa Clara, Firesteel, Fletcher’s Special, Gloriana, 
Greater Baltimore, Grothen’s Red Globe, Gulf State Market, Hundred- 
fold, Indiana Baltimore, Italian Plum, John Baer, Jubilee, Livingston’s 
Globe, Lloyd’s Forcing, Long Calyx, Louisiana Pink, Master Mar- 
globe, Marglobe, Matchless, Michigan State Forcing, Mildglobe, New 
Globe, Norton, Oxheart, Pan American, Pearson, Pennheart, Ponder- 
osa, Pritchard, Prodigious, Red Pear, Red Rock, Richmeat, Rutgers, 
Santa Clara, Scarlet Dawn, Scarlet Globe, Stokesdale, Stumpp and 
Walter’s Best of All, S. & W.’s Climber, Summerset, Tabletalk, The 
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Fruit, The Orange, Urbana Forcing, Valiant, Victor, Waltham Forc- 
ing, and Winsall. 

Most of these tomato varieties were tried once during the winter 
and once during the summer ; the 20 most productive varieties were 
then planted at least four successive times, each planting containing 
at least 125 plants. Seedlings were transplanted into the beds when 3 
weeks old and the plants could be counted upon to begin their yield 
within 2j4 months from seeding. 

Although, as can be seen from the chart, the actual temperature dif- 
ferences between the summer and winter months are relatively slight, 
yet there was found to be a decided difference in fruit production in 
these two seasons among the ordinary commercial varieties. 

Tomatoes may be divided into two general groups — determinate and 
indeterminate. The latter varieties under favorable conditions may be 
made to yield over a long period of time, and constitute the main body 
of commercial varieties. Even in Curacao during the winter they pro- 
duced fine, large fruit, and some varieties could be depended upon to 
yield well over 10 pounds per plant. But in the summer, fruits pro- 
duced by plants in this group were small and few in number. The de- 
terminate varieties, on the other hand, were found to set fruit well 
during the summer. Actually, they yielded as well as did the other 
type during the cooler season, but on the whole did not continue over 
as long a bearing period. 

The following varieties proved to be the best from among those 
tried, and are listed in the order of their total yield : during the hot 
season — Firesteel, Bounty, Pritchard, Pearson, Victor; during the 
cooler season — Michigan State Forcing, Richmeat, Indiana Balti- 
more, Marglobe. Richmeat produces large but relatively few tomatoes 
which have a tendency toward being misshapen. For marketing, it is 
better to use either Michigan State Forcing or Indiana Baltimore. 

Cucumbers 

Thirty-eight varieties, including most of the standard ones listed in 
the commercial catalogs, were tried. They were as follows : A and C, 
Black Diamond, Burpee's Hybrid, China, Clark’s Special, Colorado 
(syn. Submarine), Cubit, Curacao (a strain grown on the Island for 
many years), Davis Perfect, Deltus, Double Yield, Early Fortune, 
Early Green Cluster, Early Green Market, Everbearing, Forcing 
White Spine, Fordhook Famous, Improved Long Green, Irondequoit, 
Longfellow, Mandarin, Marketer, Mincu, National Pickling, Oriental 
Climber, Perfection, Prolific White Spine, Puerto Rico 39 (obtained 
from the Puerto Rico Experiment Station), Shamrock, Staysgreen 
Long Type, Straight 8, Sunnybrook, Surinam (obtained from Dutch 
Guiana), The Henderson, The Vaughan, Wauchula Staysgreen, White 
Spine, and Woodruff’s Hybrid, 

The plants were seeded directly in their permanent locations and 
were supported upright by strong twine. The ends of side shoots be- 
yond the female blossoms were pinched off. It was found that plants 
given full sun produced considerably more fruit than those grown 
under shade. 
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Cucumbers are readily grown in warm areas, and do not present 
the seasonal problems which tomatoes do. 

The variety which was found to far outyield all others tried was 
Mandarin. It is very early and a strong grower and produces quantities 
of large high-quality fruits. The first fruits are ready in about 43 days 
and the vines are producing heavily a week or 10 days later. 

Two other good varieties are Shamrock and Puerto Rico No. 39. 
The former is mosaic-resistant and makes a vigorous growth. It is not 
as early as Mandarin and produces a shorter, stockier fruit which is 
fine in quality. The Puerto Rico variety, seed of which were obtained 
from the Puerto Rico Experiment Station, is almost as early as Man- 
darin and produces many small fruits. No other variety approached 
the yield of any of these three, while Mandarin easily topped the list. 

Eggplants 

Eggplants grew quite well as might be expected since they are a 
warm weather crop, though they were subject to infestations of a suck- 
ing insect which was very hard to control. The following varieties were 
tested: Black Beauty, Early Beauty, Florida Special, Fort Meyers 
Market, New Hampshire Hybrid, Rosita (a light colored one, seeds of 
which were obtained from the Puerto Rico Experiment Station) , and 
Purple Thornless. 

Purple Thornless proved to be by far the best of those tried, pro- 
ducing its large fruits as early as those of Early Beauty. Black Beauty 
and Early Beauty are also recommended. 

Peppers 

Extensive trials of peppers were not made. Only three varieties 
(California Wonder, Ruby Giant, and Florida Giant) were tried and 
proved to be of value in the order named. California Wonder produced 
large, meaty fruits from the same plants over a period of five months 
and could have continued bearing but were removed to make way for 
other plantings. 

Swiss Chard 

Eight varieties of chard were tried: Cut and Come Again, Dark 
Green White Rib, Fordhook Giant, Green Plume, Lucullus, Rhubarb, 
Spinach Beet, and White Silver. Fordhook Giant, Lucullus, and Rhu- 
barb chard are savoyed types while the others are smooth-leaved, 

Swiss chard was found to far outyield any other greens which were 
tried. In one trial, a bed was occupied by the same planting of chard 
for 11 months and was yielding heavily for 9 months of that time._ It 
was cut over every week to 10 days. The best yielder in that trial, 
Lucullus, produced 524 pounds from a space 3 feet by 20 feet. ^ 

Except for Rhubarb chard, which did poorly, all varieties did well, 
though Green Plume, Lucullus, Dark Green White Rib, and Cut and 
Come Again produced better yields than did the others. It will be noted 
that these are all smooth-leaved. Insecticides were found to be far 
more efiective on the smooth than on the savoyed t 3 rpes. This might 
have been the reason for their outyielding the savoyed types. 
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Other Cooking Greens 

The following cooking greens besides swiss chard were tried : endive, 
Chinese cabbage, collards, kale, tampala, spinach, rapegreens, mustard, 
and turnips. All were grown under light shade. 

Three varieties of endive w^’ere grown : Batavian Full Heart, Florida 
Deep Heart, and Green Curled, All grew rapidly and were remarkably 
healthy. The Green Curled produced the largest and most attractive 
plants. There was little difference between the other two in yield. 

Of the Chinese cabbage, the varieties tried were : Wong Bok, Pe Tsai, 
and Chihli. Wong Bok produced the heaviest plants, though Chihli 
was the more satisfactory in the rainy season as the plants were not 
as subject to rotting as were the other two. It is not known whether 
they would form heads if allowed to mature ; they were planted at the 
beginning of the rainy season, and when the plants showed tendencies 
towards rotting they were pulled out. In addition, they were greatly 
subject to attacks by leaf chewing insects and aphids and for these 
reasons further experimentation was discontinued. 

Collards, both Cabbage and Southern, proved to be too slow-grow- 
ing to be commercially profitable, taking 51 days to come to the point 
where they could be sold. Other greens, as mentioned later, were ready 
for sale in considerably less time. Kale, tampala and spinach varieties 
were found to do poorly and were discarded. 

Rape greens grew rapidly and produced heavily but were not as 
desirable for Selling as other greens which had larger leaf blades. 

Five varieties of mustard were grown : Tendergreen, Chinese Broad- 
leaf (obtained from Hawaii), Florida Broadleaf, Southern Giant 
Curled, and Improved Ostrich Plume. The last two were the least 
vigorous of all, while Tendergreen far surpassed all the rest, being 
of saleable size in about 27 days, though it was found to be more 
profitable not to harvest until 35 or 37 days. 

Seven-top and Shogoin were the two turnip varieties tested. The 
former grew well but Shogoin produced almost double its yield. 

Of all the greens tried, with the exception of Swiss Chard, Shogoin 
turnip and Tendergreen mustard produced the greatest yields and 
could be counted on to produce heavily within 37 days. 

Lettuce 

Twenty lettuce varieties were tried. They were : Bibb, Black Seeded 
Simpson, Butternut, California Cream Butter, Cornell 456, Cosbia, 
Cosberg, Grand Rapids, Grand Rapids U. S. No. 1, Great Lakes, 
Hanson, Iceberg 44, Manoa (obtained from Hawaii) Mignonette, 
New York (syn. Los Angeles and Wonderful), New York P. W. 55, 
Oak Leaf, Slobolt, Wayahead and White Boston. 

Excellent leaf lettuce could be raised in Curacao but no head lettuce 
was produced. Even Mignonette and Manoa failed to head during the 
cool season. In Trinidad, however, where the night temperatures are 
a bit lower, excellent heads from Mignonette could be had. The closest 
approximation to a head was produced by Bibb, which developed a 
small compact plant with the center leaves tightly folded. Its quality 
was superior, but it remained at its prime only for a comparatively 
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short time. Oak Leaf, Black-Seeded Simpson, and Slobolt are recom- 
mended varieties of leaf lettuce. 

Successive harvestings of the lower leaves may be made, and this 
can be a profitable crop provided labor is not too expensive and the 
distance from market not too great. 

Lima Beans and Butter Beans 

Limited trials of lima beans and butter beans were made. Only pole 
limas were tried, as the bush type does not produce enough for the 
space it occupies. Varieties tried were : Burpee’s Giant Podded, Caro- 
lina or Sieva, Improved Challenger, King of the Garden. Of these. 
Giant Podded and King of the Garden were the most prolific. Butter 
beans were found to be even easier than lima beans to grow. Old 
Florida Pole was the most satisfactory of this type. 

Green Beans 

While not as much work was done with green beans as with tomatoes 
and lettuce yet a number of trials were made. Cowpeas and lima beans 
can be more readily grown than green beans in hot areas, although the 
latter can be made to produce a good crop, particularly if they are 
planted at the beginning of the cooler season. Varieties tried were: 
Blue Lake, Burger’s Stringless, Ideal Market, Kentucky Wonder, 
Kentucky Wonder Rust Resistant, King Horticultural, McCaslan, 
Potomac, Scotia, St. Louis Perfection, St. Louis White Cornfield, and 
White Creaseback. Of these, Kentucky Wonder Rust Resistant was 
by far the best yielder. Others recommended are Kentucky Wonder 
and Potomac . 

WTiSr^fown under conditions of subirrigation in the tropics green 
beans tend to rot readily, especially when newly planted, and must be 
treated with the utmost care. 


Celery 

Varieties of celery tested were : Easy Blanching, Giant Pascal, Gold- 
en Self-Blanching, Green Florida Pascal, Kilgore’s Improved Pride, 
Masterpiece, Prizeheart, Smallage, Utah, and White Plume. As might 
be expected it was found impossible to produce fine quality table celery 
during the warmer season. However, celery to be used for cooking can 
easily be grown throughout the year. Individual outer leaves may be 
harvested continuously, thus making this a long-lasting crop. After 
several months of harvesting, the stalks tended to become bitter. In 
the cooler season the variety Green Florida Pascal produced a good 
quality of table celery, although it did not produce the very large 
stalks that it does when grown in cooler regions. ^ 

For cooking Smallage was by far the best variety as it was highly 
resistant to diseases. 

Cauliflower 

Even when planted during the cool season, none of the usual com- 
mercial varieties of cauliflower such as Super Snowball, Snowdrift and 
I White Mountain produced heads. However, fine success was had with 
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seeds obtained from Sutton’s in India. Early Patna, Early Market and 
Maincrop were tried. The latter produced the largest heads 

but was 2 weeks later. Early Market was far superior in total yield 
to either of the other two. Heads were of excellent quality and good 
size. Because of the long time to bring a crop to maturity extensive 
testing was not carried out. 

Miscellaneous Crops 

Beets, carrots, and radishes can all be grown, particularly during 
the cool season, but only some preliminary trials were made. Results 
indicated the following varieties to be good, although only a few vari- 
eties were tested. Beets: Detroit Dark Red and Crosby’s Egyptian. 
Carrots : Nantes Half Long, and Chantenay. Radishes : Early Scarlet 
Globe, Saxa, and Icicle, the latter being better than the other two. 

Italian Green Sprouting Broccoli gave good results in the cooler 
season. Two varieties of leeks were tried with excellent results; 
American Flag and Elephant; the former was the better yielder. 

Discussion 

In general, whenever confronted with a choice of varieties which 
appeared to have equal qualifications, it was found that the earlier 
yielding one was better. It was also preferable to choose a smooth- 
leaved plant rather than a savoyed one, and to choose a more upright 
growing variety than one which tend to sprawl. The reason for this 
is that it is easier to apply insecticides and fungicides to control plant 
diseases and insects. For the same reason, where insects and diseases 
are prevalent, it is often well worth the additional cost of staking 
plants rather than to allow them to sprawl on the ground. In humid 
regions where leaf diseases are apt to be severe it is suggested that the 
earlier yielding determinate tomato varieties be planted exclusively 
and pulled out after the yield begins to decrease sharply. It should be 
stated that despite the fairly high relative humidity, few leaf diseases 
were encountered in the present work and they were no problem. 
During the hot season with some crops, for example, swiss chard, we 
were occasionally bothered with the damping-off and rotting of young 
seedlings. Measures for its prevention and control were developed. 
However, the insects abounded and some were difficult to control. 
This was particularly true as most of the newer insecticides developed 
during the war were not available. 
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Balanced Programs for Southern Horticulture^ 

By J. B. Edmond, Mississippi State College^ 

State College, Miss. 

I F I WERE ASKED to express my version of the philosophy of the 
American people in a short, concise statement, I would put this 
statement in the form of a question. Is there a better way? Can we 
make a better gadget, or a more efficient piece of machinery, or de- 
velop a new process? In our own work, can we develop a superior 
plant, or work out a new practice, or improve an old practice? As a 
result of the intense desire of the American people to find the better 
way, a large number of organizations and institutions have developed 
which are characteristic of the American way of life. One of these or- 
ganizations is the land-grant college system of the United States. As 
members of the landrgrant college system, it is proper and fitting that 
we pause in our labors, as occasion requires, to examine our methods, 
techniques and procedures in order that we may find the better way. 

I think we can find a better way by the development and implementa- 
tion of more balanced programs in research, in teaching and in ex- 
tension. 

Balanced Programs in Research 

In solving the production problems of any crop both the environ- 
mental and hereditary factors should be considered in combination. 

The behavior of an organism is due to its genes and the influence 
of the environment on the genes. In other words, two great groups of 
factors are involved: hereditary factors and environmental factors. 
Thus, in the solution of production problems both the hereditary and 
the environmental factors should be considered. Since the establish- 
ment of the United States Vegetable Breeding Laboratory at Charles- 
ton, South Carolina, there has been a marked increase in the breeding 
of vegetable crops for adaptation to southern conditions. However, 
numerous investigations have shown that the environment markedly 
influences the expression of the genes. As the review of Yarnell (24) 
shows, numerous genes under one set of conditions express them- 
selves in one direction, and the same genes under another set of con- 
ditions express themselves in another direction. Since the environment 
markedly influences the expression of the genes, an analysis of the 
southern environment in relation to adaptation would seem to be in 
order. What is the nature of this southern environment? Can this en- 
vironment be improved or made more favorable or must the environ- 
ment be accepted as it is and crops bred for adaptation accordingly? 

As you know, the principal factors of the environment are tempera- 
ture, light, water and nutrients. In general, temperature and light 
levels are sufficiently high to permit photosynthesis to take place most, 

^Address of the retiring chairman of the tenth annual meeting of the Southern 
Region of the American Society for Horticultural Science, Louisiana State 
University, IBaton Rouge, La. January 31, February 1, 2, 1949. Published with 
the -approval of the Director of the Mississippi Experiment Station as Journal 
Article 193 (n.s.). 
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if not all, of the year. This is manifested by the all year grazing pro- 
grams that are being developed ; by the growing of cool season vege- 
table and flower crops in the fall, winter and early spring; by the 
growing of warm season vegetable and flower crops in the spring, 
summer and fall ; and by producing a wide variety of deciduous and 
evergreen tree fruits throughout the region. However, despite the fact 
that temperature and light levels are favorable for photosynthesis, 
yields of many crops are low. 

What is the situation with the water supply? The records (S) show 
that the natural water supply in the humid South is adequate. However, 
as you know, crops in this region frequently suffer from lack of water. 
Every year in some district there is a period of drought. This period 
may exist for one or two weeks only, yet it may come at a time when 
crops need rain badly. A recent report shows that in the humid section 
of the country there were one hundred twenty-seven droughts from 
1919 to 1939; this is an average of six droughts per year. These 
droughts varied in length from 10 to 53 days. Another report (9) 
shows that 41.5 per cent of the two hundred twenty-six days frost-free 
growing period at State College, Mississippi, from 1910 to 1947, a 
period of 38 years, had insufficient rain. As is well known, droughts 
induce water deficits within the plant. This in turn lowers the rate of 
photosynthesis. This in turn decreases yield and quality and upsets 
the normal marketing period of the crop. Since the rainfall is adequate, 
and since the grower is entitled to receive dividends on his investment 
in land, seed, fertilizer and so forth, the rain should be stored when not 
needed and applied when needed. Thus, comprehensive investigations 
of supplementary irrigation seem to be in order. These investigations 
require a working knowledge of the morphology and physiology of the 
crop in question, of the physical and chemical characteristics of the 
soil, and of the economics of irrigation systems. Here is an excellent 
opportunity for the horticulturist and the irrigation engineer to work 
together in the solution of these irrigation and water control problems. 
In the October issue of Better Crops mth Plant Food there is an an- 
nouncement of the formation of a committee called the National Soil 
and Fertilizer Research Committee. The purpose of this committee is 
to assist in planning national and regional studies of soils, fertilizers, 
and irrigation. Would not it be well for the Southern Region of the 
Society to consider the formation of a committee to contact and work 
with this committee to promote irrigation studies with horticultural 
crops throughout the region? 

What is the situation with the nutrient supply? As you know, most 
soils of the humid South are strongly leached, highly acid, and low in 
nutrients (20). However, they can be made more fertile. The growing 
of a crop at all times on a given soil will reduce leaching to a minimum ; 
the application of dolomitic limestone will reduce acidity and provide 
the necessary calcium and magnesium; and the application of com- 
rnercial fertilizers will increase the nutrient content. Tiedjens (21) be- 
lieves that the conditioning of the topsoil and the subsoil in combina- 
tion is the real secret to high yields. The amelioration of the subsoil 
either by liming or by subsoiling or both will permit the development 
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of deep root systems. In this way, the tops will be supplied with ade- 
quate water, photosynthesis will proceed unabated and yields and 
quality will be high. Large supplies of available water are necessary 
during periods of high transpiration in order to maintain a high rate 
of photosynthesis. Maximov (14), Magness (13) and others have 
shown that a high rate of transpiration, a high rate of photosynthesis, 
and deep root systems go hand in hand. Although growers of tree fruits 
are familiar with and at times are concerned with the nature of the sub- 
soil, its importance in vegetable and flow’er crop production seems to 
have been badly neglected and overlooked. 

Recently, Andrews and his associates (2) have secured remarkable 
results in the use of anhydrous and aqueous ammonia in the fertiliza- 
tion of cotton, corn and small grains. Although the work was started 
only three years ago (1944), over 500,000 acres of cotton and corn 
were ammoniated with these materials in 1948. Anhydrous and aqueous 
ammonia have certain advantages. They are retained by soil colloids, 
and they cost less per pound than other nitrogen carriers. Satisfactory 
machines for their application have been developed. Despite the rapid 
acceptance of anhydrous and aqueous ammonia by cotton and corn 
farmers, only limited experiments with these materials are under way 
with horticultural crops — with sweetpotatoes and peppers at State 
College, Mississippi, with tomatoes, cabbage, and snap beans at Crystal 
Springs, Mississippi, and with tung at Bogalusa, Louisiana. Growers 
of horticultural crops use large quantities of nitrogen. Thus, the use of 
these new forms should be investigated, particularly from the stand- 
point of maintaining a balance between vigorous growth and fruit pro- 
duction, Murneek (IS) has shown the close relation of vigor of growth 
and fruit production in the tomato and that the nutrient requirements 
of the fruit are satisfied first. More recently Lachman (11) has shown 
that blossom removal prolongs vigor and productivity. This is a way 
of diverting the nutrient supply from the fruit to the foliage. Present 
day varieties undoubtedly exhaust the available nitrogen supply for 
fruit production. As a result, there is very little left for stem and leaf 
production and the plant dies. Investigations are needed to determine 
whether applications of these new forms may maintain a balance be- 
tween vegetative growth on the one hand and fruit production on the 
other. Their use would seem to be particularly applicable to crops 
with the indeterminate type of growth. 

Another development which deserves more consideration is the 
■chemical control of weeds. Weeds markedly decrease yields, They use 
carbon dioxide, light, water and nutrients which would otherwise be 
used by the crop. There is only so much of these materials to go around. 
According to Hildebrand (8) the United States Chamber of Com- 
merce estimated that weeds cause farmers and gardeners of the United 
States an annual loss of three billion dollars. If weeds were successfully 
controlled by chemicals, not only would this tremendous loss be avoid- 
ed, but also possibilities for high yields per acre would become ap- 
parent. Smith (19) has pointed out that plants are grown in rows to 
provide space for cultivation in weed control. With chemical weed con- 
trol this space might be more fully utilized. The plants could be set 
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much closer. This in turn would necessitate high fertilization, applica- 
tions of irrigation water, strict sanitation, the application of insecticides 
and fungicides by heliocopter or plane and the use of adapted varieties. 
In this way, the productive capacity of the land would be increased by 
two or three fold. Because the successful use of chemicals in weed con- 
trol may practically revolutionize growers’ practices, investigations 
with these materials should be pushed vigorously. 

The use of adapted varieties and the concomitant improvement of 
the environment is nothing new. Two striking examples within the 
Southern regions are the recent research work with field corn and the 
development of year round grazing programs. As late as three years 
ago many com scientists believed that the maximum yield that could 
be expected in the South was about 35 bushels per acre, and many 
pasture specialists believed that the development of year round grazing 
programs was impracticable. At present 100 bushel corn clubs are 
springing up all over the South, and year round grazing programs are 
being established in many dairy and livestock sections. In each case, 
both the hereditary and environmental factors are considered in com- 
bination. Why not follow the same procedure in our own work? This 
is particularly necessary in the testing of new varieties in order that 
they will have an opportunity to show their potentialities to the fullest. 
The data of the paper by Ware and Johnson (22) presented at this 
meeting and the data cited by Shaw (18) indicate that the use of adapt- 
ed varieties, relatively large amounts of commercial fertilizers, organic 
matter and supplementary irrigation in combination will markedly in- 
crease the yields of truck crops grown in the region. 

Balanced Programs in Teaching 

The training of research workers, teachers and extension workers in 
horticulture is just as important in contribution to the science of horti- 
culture as the development of a new variety or a new process or a new 
cultural practice. 

As you know, our work in teaching consi.sts in training three rather 
distinct groups: (a) the non-majors — students who major in fields 
other than horticulture; (b) the majors — students who specialize in 
some specific or general field of horticulture; and (c) the graduates. 
Since certain institutions within the southern regions are planning to 
extend their graduate programs, I shall confine my remarks entirely to 
the subject of training the graduates. In accordance with the trends 
and needs of the times, graduates should be trained in independent re- 
search, in cooperative research, in teaching and in certain aspects of 
administration. In the past and for the most part at present, graduate 
work consists primarily in training for independent research. Bradford 
in his presidential address at the Dallas meeting in 1941 (4) traced the 
development of graduate training in horticulture in the land-grant col- 
lege system. He states, 'The graduate student who wishes a degree, 
whatever his purpose, must still demonstrate his ability to conduct in- 
dependent research”. In other words, the emphasis has been largely on 
training for independent research. Very little attention has been given 
over to training in cooperative research, to training for effective teach- 
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ing aud to training for efficient administration. There is a great need 
for balance in all four types of training. At least, it seems that there 
should be less emphasis^ on independent research and more emphasis 
on training for cooperative research, teaching, extension and adminis- 
tration. 

About five years ago a colleague stated that in his opinion research 
was largely an individual proposition. The question immediately arises, 
are we conditioned for cooperative work? Cannot our graduates, with 
adequate training, be just as effective and successful in cooperative re- 
search as we have been in independent research? As you know, more 
research is being done on a cooperative basis. Many present day prob- 
lems are rather complex and require tlie application of many sciences 
for their solution. As a result, many workers are banding together as 
research teams. Notable examples within the southern regions are the 
Southern Cooperative Group, the Southern Sweetpotato Research 
Program, the Southern Vegetable Crop Variety Trials, the Southern 
Small Fruit Research Group, and more recently the Southern Orna- 
mental Horticulture Group. From past experience we have acquired 
sufficient information which wdll serve as a basis for formal training. 
Certainly, the graduate student should be trained in the necessity and 
desii'ability of caring for a set of plots of a cooperative project as he 
would care for a set of plots of his individual projects. Certainly, he 
should be trained in the necessity of following uniform techniques and 
procedures in order that the data may be pooled, if necessary, and re- 
main on a comparable basis. 

Whether the graduate thesis should be developed independently or 
jointly with two or more students should be optional with the students 
concerned. However, as Adams (1) has pointed out, any individual 
student should never be placed in a subordinate position and made to 
do a large amount of routine work. Care should be taken to develop 
initiative and resourcefulness and to maintain independence of thought. 
In a favorable environment and with proper facilities, the development 
of students working together as teams should be highly satisfactory. 
Let us remember that a classic in horticulture literature was developed 
by two men working together. I refer to Kraus and Kraybill in their 
work on vegetation and reproduction with special reference to the 
tomato (10). 

The training of teachers and extension workers in horticulture re- 
quires training primarily in teaching and extension problems. Training 
in independent research does not necessarily make for more effective 
teaching or extension. In fact, it may do just the opposite. The graduate 
trainee should become more proficient in the tools of his particular field. 
Bradford (4) suggests that effective teachers can be trained by develop- 
ing scholarship. He points out that the very high productivity of re- 
search has created a new problem — the necessity for digesting, as- 
similating, evaluating and collating the results of research of a given 
field. In other 'words, the training of teachers means the development 
of scholars. This type of training would be of inestimable value to in- 
vestigators and administrators. The investigator would have more time 
for actual research and the administrator could more effectively evalu- 
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ate proposed research projects. Bradford (4) states, '‘Let us remember 
that Darwin accomplished as much or more by putting together scat- 
tered bits of information brought forth by others than he did by his in- 
vestigations”. Despite Bradford's admonition, there is very little in our 
graduate curricula to develop the Darwins of the present and the fu- 
ture, even though the need is far greater now than it was in Darwin’s 
time. 

There is also a great need to develop more effective methods of 
teaching and extension work. As Anderson has pointed out (2) , in the 
past the society has placed much emphasis on the “know-how” of ef- 
fective independent research. Are we placing sufficient emphasis on the 
“know-how” of effective teaching and extension? The fundamental 
facts of the science of horticulture have accumulated in sufficient quan- 
tity to place the teaching of the subject on a comparatively firm foun- 
dation. Our problem is how best to present the facts to the student and 
to the grower. This does not mean that we should turn to specialists in 
educational methods. We, as individuals and as a group, are capable of 
developing our own methods peculiar to the nature of our own material 
and to our own problems. The fact that the Southern Region of the 
Society has recently initiated a series of programs on teaching and ex- 
tension problems is most encouraging. 

Sooner or later the research worker, the teacher and the extension 
specialist finds that some or all of his duties are administrative in 
nature. Some workers become deans and directors — positions which 
are wholly administrative, and others become heads of departments, 
directors of research laboratories, superintendents of branch stations, 
leaders of local or regional research projects, part-time student coun- 
selors and so forth — positions which require a certain amount of ad- 
ministrative work. Since effective administration is not inherent in man- 
kind, the graduate student should receive training in administration. 
This training would seem to logically fall into the following two cate- 
gories: (a) the presentation of certain self-evident truths; and (b) a 
discussion of the characteristics of effective administration. These self- 
evident truths should become part and parcel Of the individual. These 
are : (a) The graduate student is primarily training himself to become 
a public servant. This training is wholly or partially at public expense. 
Thus the worker has certain obligations to meet. He should be im- 
pressed with the fact that he is hired to do a specific job, to do it well, 
effectively and efficiently, (b) His salary comes from taxes. Whether 
the check comes directly from the United States treasury or from some 
state bank, it comes^ from the same source — the tax payer. In other 
words, regardless of whether we are a member of a Federal or State 
organization, we are all in the same boat, we all have the same function, 
we are all interdependent, (c) The data the student obtains or the 
work that he does transcends his own importance. Thus, in the selection 
of graduate students not only should his scholastic attainments be con- 
sidered but also his attitude toward his fellowmen. Clearly, the person 
who is primarily interested in the welfare of others will be more happy 
in this type of work than the person who is primarily interested in the 
promotion of his own interest and aggrandizement. 
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What are the characteristics of effective administration ? An effective 
administrator does three things: (a) he picks good men; (b) gives 
them the necessary authority to meet their responsibilities; and (c) 
keeps other people off their necks. In other words, the administrator 
creates a favorable environment for effective and efficient work. He 
allocates funds to provide for the necessary facilities in the laboratory, 
the greenhouse and the field, and for the necessary secondary or tech- 
nical assistance, and he avoids overloading the members of his staff. 
Too often the investigator or teacher with training equal to that of an 
M. D. must do the work that an intelligent high school graduate could 
do equally well. I refer to the running of analysis of variance, the run- 
ning of routine bio-chemical and biophysical determinations or the 
raising of plants in preparation for laboratory work in the teaching of 
horticulture courses. Too often the research worker has more projects, 
the teacher has more courses and students and the extension worker has 
more enterprises than he can handle with dispatch and efficiency. No 
wonder many research projects drag out from one year to the next ; no 
wonder the teacher continues to use the same lecture notes from one 
year to the next ; no wonder the extension worker never or seldom 
establishes a given enterprise. The research worker needs time for 
creative thinking ; the teacher needs time to maintain scholarship ; the 
extension worker needs time to firmly establish a given enterprise. Here 
again, as in the case of cooperative research, we as a group have ac- 
quired sufficient experience which would serve as a basis for the train- 
ing in the necessary administrative work. At least one course or part 
of a course should be given over to this important phase of our activ- 
ities. 

Balanced Programs in Extension 

The demonstration is an effective method of extension. 

As you know, the Extension Service was established in 1914. Its 
function is to disseminate the results of research. Just how best can 
this function be attained ? Various methods are used : talks, lectures, 
publications of various kinds and demonstrations. It seems that meth- 
ods ])y which the grower can see the actual results of research are 
particularly effective. Let me cite three examples. About 15 years ago 
the cantaloupe industry in southwestern Michigan was in serious dif- 
ficulties (6). Yields and quality were low, prices were low. Growers 
appealed to the Experiment Station for help. Accordingly, a brief yet 
effective survey was made to determine the pertinent problems and ex- 
periments were started to find their solution. The tests were conducted 
in cooperation with growers — right in the growers' fields. A graduate 
student was assigned to the project. He applied the treatments, re- 
corded the data, visited the growers, and the growers visited him. In 
fact, visits of growers were encouraged and at appropriate times field 
days were conducted. There was little need to point out the best strain 
or variety, the most effective fertilizer treatment or pest control pro- 
gram, The growers came, they saw, they were convinced, and they 
adopted the outstanding treatment the following year. In other words, 
the growers accepted the results and recommendations as fast as they 
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were obtained and formulated. In fact, the growers were following 
recommended practices long before the results were actually published. 

As you know, with the exception of fundamental studies, conducted 
at Beltsville, Maryland, the research work in tung is carried out in 
four field laboratories. A unique feature of this program is that all of 
the work is cooperative either with state experiment stations or with 
private tung growers. As Potter has pointed out (16) this arrangement 
is not without disadvantages, yet the advantages seem to outweigh the 
disadvantages. A marked advantage is the wide distribution of the ex- 
periments and the rapid acceptance of the results by growers. 

Recently, the Alabama station established production unit test farms. 
In general, these farms are given over to the operation of specific enter- 
prises — cattle, hogs, dairy, truck crops are examples. The object is to 
produce high marketable yields at the lowest possible cost and to dem- 
onstrate the technique and '^know-how” of specific industries. Data are 
recorded on yields, prices and costs. The plots are simply yet effectively 
labeled and wide publicity is given over to the work. According to 
Funchess (7), these units are attracting more attention than any other 
activity of the Alabama station. He states that more than 28,000 in 
organized groups visited the unit farms in 1947. The growers come, 
they see for themselves, they go home convinced. 

Many states in the southern regions have established extensive 
branch station systems. For the most part, these stations have been 
located in a specific soils area. Their main purpose is to serve the 
growers in the immediate vicinity. The demonstration type of research 
would seem to be particularly applicable to this type of station. The 
tests could be run on the same soil and in the same climate of the 
locality which the station serves, and because of the proximity of 
growers to the station, they could attend in large numbers and at 
frequent intervals. 

Summary 

The South has been called Economic Problem Number 1 on the one 
hand (17) and Economic Opportunity Number 1 on the other. 
Whether we think in terms of liabilities or potentialities depends on 
the point of view. At present, many people are thinking more in terms 
of the potentialities rather than the liabilities. For example, Robert E. 
Wood (23), chairman of the board of Sears Roebuck and Company, 
states that two potentially rich areas await development : the Pacific 
Coast and the one thousand mile sweep from Pensacola, Florida, to 
Brownville, Texas. He states, ‘Within a two hundred mile radius of 
Houston, Texas, more wealth is taken from the soil than from any equal 
area on earth*'. Actually, with the exception of two minerals, sulphur 
and salt, this wealth has been or is being derived from plants. He 
mentions oil, gas, grass, rice, flax, tung and cotton. 

Several years ago I read a remarkable statement. It is found in 
Loomis and Shull, Methods in Plant Physiology (12) : ‘‘Photosynthesis 
is the foundation of biology and organic chemistry, the source of build- 
ing material and energy for plants and animals, and the world*s most 
important source of industrial energy. Not only are we dependent on 
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plants for all of our food and most of our energy, but perhaps 90 per 
cent of the world’s population is engaged directly or indirectly in the 
production, transportation, processing or sale of the products of photo- 
synthesis”. These are profound statements and have tremendous appli- 
cation with respect to the southern regions. With temperature and light 
levels favorable for photosynthesis the entire year, combined with the 
control and application of the adequate water supply, the improvement 
of soil fertility, the development of labor saving machinery and the use 
of adapted strains and varieties, high marketable yields of a wide vari- 
ety of horticultural crops can be obtained. With this procedure com- 
bined with the training of students according to their needs and re- 
quirements, we shall be doing our part in changing the potentialities 
into actualities in the shortest possible time. Thus, the grower of horti- 
cultural crops in the South and we his servants can, with a fair degree 
of certainty, face the future with optimism. 
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The Cold Resistance of Certain Species 
of Herbaceous Perennials^ 

By V. L. Clark, W. G. Brierley, L. E, Longley and R. H. 
Landon, University of Minnesota^ St. Paul, Minn. 

T he cold resistance of the numerous species and varieties of 
ornamental perennials seems to have been given little attention. 
Many comments on injury to such plants due to frost or winter cold 
may be found in popular journals. Only a few studies have been made 
under controlled temperatures such, for example, as that by Hansing 
et al (2) with Sedums. Related studies, such as investigations of the 
effects of types and depths of mulches upon soil temperatures in winter 
by Iverson (3) and others have shown what temperatures may occur 
in the winter environment of mulched plants. As information relating 
to the cold resistance of perennials was believed to be of interest to both 
professional and amateur growers the principal studies reported herein 
were carried on during the winter of 1942*^3 following some earlier 
studies of preliminary nature. 

Materials and Methods 

Four species of herbaceous perennials selected for the study were 
Althea rosea, Pentsternon secundiflomm, Lychnis chalcedonica, and 
Papaver nudicaule. The procedures followed were essentially the same 
as those found most satisfactory in a similar study of cold resistance in 
strawberries ( 1 ) . Seedling plants were grown to maturity in the field. 
In early October between 200 and 300 plants of each species were 
selected for uniformity and potted in soil taken from the field. Tops of 
Lychnis, Pentsternon and Papaver plants were cut back for convenience 
in handling and some pruning of straggling roots of Althea plants was 
necessary to facilitate potting. The potted plants were plunged in peat 
in open frames where they could harden under outdoor conditions. 
They were watered only enough to avoid injury from drying. 

During October and early November the plants were hardened by 
light frosts. They were mulched temporarily when temperatures below 
20 degrees were predicted. After November 20 the mulch was removed 
only when samples were taken for freezing treatments. 

The several exposures to controlled low temperatures were carried 
on in the low temperature laboratory where automatic controls held 
variations within 1.5 degrees F. The air was circulated by fans to in- 
sure uniform temperature in the chamber. 

In November and February, when soil in the pots was frozen, 
temperature of the samples came to equilibrium with that of the freez- 
ing chamber in time for exposure for 6 to 10 hours at the designated 
temperature. In March, when the soil was partially thawed, exposure 
was for only 4 to 6 hours because of the additional time required for 
the soil to freeze. 

The first test was made 10 days after the hardened plants were 

^Paper No. 2465 of the Scientific Journal Series of the Minnesota Agricultural 
Experiment Station. 
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mulched. Comparable samples were exposed on Dccemlier 1, 2, 3 and 4 
to temperatures of 27, 21, 16 and 10 degrees F respectively. After the 
cold treatments the several samples and a comparable one taken from 
the frames without cold treatment, were thawed for a week in a cellar 
at 41 to 45 degrees F. They were then moved to a cool greenhouse 
until growth started and finally placed on a bench at 60 to 68 degrees 
F where records were made of growth response or injury. Similar 
tests of comparable samples were made on February 15 to 18 and on 
March 4 to 7. As records of the growth response following the Novem- 
ber test indicated that 27 and 21 degrees F were well above the killing 
points these treatments were omitted in the February and March tests 
(except for Althea at 21 degrees F) and exposure to 4-5 and —4 de- 
grees F substituted. As the latter temperature could not be reached 
in the laboratory the tests were carried on under outdoor conditions. 
Length of exposure to this tempei'ature was not determined, but the 
severe injury or killing in all lots so treated indicated that this temper- 
ature was too low for survival. 

Results 

The data obtained in this study are presented in Table I. 


TABLE I — Growth Response of Some Perennials After Exposure to 
Controlled Low Temperatures (Potted Plants, Ten Pots Per Lot) 


Species 

Time 

of 

Test 

Growth Response* (4 Weeks in Greenhouse) 

Mulched 
in Open 
Frames 

Te] 

mperature Treatments (24 hoursf — Degrees F) 

i 27 

21 

16 

10 

5 

-4 

V W D 

V W D 

V W D 

V W D 

V W D 

V W D 

V W D 

Lychnis 

chalcedonica 

Nov 

Feb 

Mar 

10 0 0 

10 0 0 

10 0 0 

10 0 0 

10 0 0 

7 2 1 

6 2 3 

8 0 2 

4 0 6 

0 6 4t 

0 0 10 

0 4 6 

0 0 10 

0 3 7 

Pentstemon 

secundiftorum 

Nov 

Feb 

Mar 

10 0 0 

10 0 0 

10 0 0 

9 1 0 

7 2 1 

8 1 X 

9 0 1 

8 1 1 

4 3 3 

5 1 4 

8 1 1 

0 0 10 

0 8 2 

0 0 10 

0 1 9 

Althea rosea 

Nov 

Peb 

A/Teir. 

9 0 1 

8 0 2 

6 1 4 

4 3 3 

4 2 4 

4 2 4 

0 0 10 

9 9 rt 

0 2 8 

0 0 10 
r\ A. fi 

0 0 10 
n n in 

n n in 


#V SB vigorous; W « weak; D « dead. 
tAll temperatures in degrees P. 
jNine plants in lot. 

Lychnis Chdcedonica : — ^This table shows that temperatures of 27, 
21, and 16 degrees F caused no injury to this species in November, 
with the first injury appearing at 10 degrees F. In the February test 
the killing point for Lychnis apparently was between 10 and 5 degrees 
F. That a few weakened plants survived exposure to 5 and —4 degrees 
F in the March test was believed due to shorter exposure at those 
temperatures. These weak plants nearly all died during the following 
3 weeks. The ''danger point’’ for this species apparently is close to 16 
degrees and the "killing point” close to S degrees F. 

Pentstemon seemdiflorum : — ^This species behaved much like Lych- 
nis in that no killing occurred at 27 and 21 degrees F in November, 
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Results of the February and March tests showed that the ‘‘danger 
point*' for this species lies somewhere between 16 and 10 degrees F 
and the “killing point” close to 5 degrees F. 

Althea rosea : — In all tests, as well as in check lots not exposed to 
low temperatures, this species showed more erratic behavior than 
Lychnis or Pentstemon. Factors other than cold appeared to con- 
tribute to injury, but the data suggest that the “danger point” was 
between 21 and 16 degrees F and that the “killing point” was close 
to 10 degrees F. In spite of erratic behavior of the several samples it 
was apparent that this species was less resistant to cold than Lychnis 
or Pentstemon. These results with Althea agreed closely with those of 
preliminary tests conducted in 1940 and 1941. 

The data for Lychnis, Pentstemon and Althea in general showed 
better survival in November than later in the season. This behavior 
indicated that cold resistance did not increase during winter. The 
poorer survival recorded in the February and March tests appeared 
to be due in part to breaking of dormancy in some plants and to soggy 
soil in the pots following thawing. 

Data for Papaver are not shown as the highly erratic behavior of all 
samples indicated that some factor other than low temperature was the 
cause of poor survival. It was difficult to keep the plants dormant 
under mulch, and growth in its early stages tended to begin at temper- 
atures close to freezing. Injury from soggy soil following thawing was 
pronounced in this species, even when the pots drained well within a 
few clays. Examinations of these plants and also of Althea plants failed 
to detect presence of disease organisms. 

Effect of Ice on Survival 

It has been a common belief that perennials such as Althea are likely 
to be injured or killed when covered with ice in winter. As no injury 
due to ice alone had been found with strawberries (1) the effect of ice 
on Althea was studied. In 1938-1939, under favorable weather con- 
ditions previous to the icing treatments, there was little difference in 
survival in lots iced from 1 to 10 weeks. Of the iced plants 78.5 per cent 
survived and grew vigorously, 10.2 per cent were weak, and 11.3 per 
cent were dead. Comparable plants mulched to simulate field conditions 
showed only 25 per cent vigorous, 30 per cent weak and 45 per cent 
dead. In 1939-40 and 1940-41, when mild weather late in December 
brought on early stages of growth beneath the mulch previous to icing, 
only a few of the plants survived. As noted in the study of cold resist- 
ance, Althea plants appear to break their dormancy at temperatures 
close to freezing and also are often injured when drainage is poor. 
These results suggest that breaking of dormancy and poor drainage 
may contribute as much or more to the poor survival of Althea plants 
than low temperatures or ice. 


Summary 

These investigations indicated that the ‘^danger points” and “killing 
|>oints” for the species studied were as follows : — Lychnis chalcedonica: 
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16 and 5 degrees F ; Pentsiemon sccundifiorum, 16 and 5 degrees F ; 
Althea rosea, 21 to 16 degrees F and 10 degrees F ; Papaver nudicaulc, 
not determined. 

As the Lychnis and Pentstemon plants showed little injury at 
temperatures lower than Iverson (3) found beneath mulches in the 
field in severe winter it seems unlikely that the species studied will be 
injured by cold when properly mulched. Althea plants appear to be 
somewhat less cold resistant but factors other than cold appear to 
contribute materially to injury. 

The species studied did not appear to gain in cold resistance during 
winter. Poor survival in the February and March tests in some cases 
was attributed to the breaking of dormancy or to poor drainage. 
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Rose Root Studies: Some Effects of Soil Moisture Content 

By James B. Shanks and Alex Latjeie, Ohio State University, 
Columbus j Ohio. 

I N A PREVIOUS PAPER (3) the authors described a series of experi- 
ments on the effects of several environmental factors upon the roots 
of the rose plant. The present paper gives additional observations made 
on the plants growing in these experiments which were conducted at the 
Ohio Agricultural Experiment Station, Columbus, Ohio. 

Methods 

At the completion of experiments in which rose plants had been 
growing under different conditions of soil moisture content, the root 
systems were carefully washed, general observations were made, and 
samples of root tips, young roots, and old roots taken for observation 
under the microscope. The general methods used for fixation, section- 
ing, staining, and mounting were those described by Johansen (2). 
Tissues were fixed in a solution of 5 per cent formalin and 5 per cent 
propionic acid in SO per cent ethyl alcohol. The paraffin method was 
used followed by a triple stain of safranin, Delafield’s hematoxylin, and 
fast green. 

Soil was considered to be dry when the soil moisture content was 
such that moisture was held under a tension of approximately 25 inches 
of mercury as indicated by a tensiometer. Moist soil was considered to 
be soil with a moisture tension of 5 to 8 as indicated by a tensiometer 
and soil where the moisture tension was approximately 0 was con- 
sidered to have a high moisture content. 

All observations were made on roots of plants of Better Times roses, 
propagated by stem cuttings. Terminal roots were used for sectioning 
where they could be distinguished from the less vigorous side or lateral 
roots. 

Observations 

Moist Soil:— The following description of the outward appearance 
and of the structure of rose roots which grew in moist soil is given as 
a basis for comparison of roots which grew in dry soil, in high moisture 
content soil, or in water. Root systems were generally, light brown in 
color. The very young roots were white for short distances back from 
the tips. The roots were highly branched throughout the area in which 
the roots had penetrated. 

Longitudinal sections of root tips indicated that there were three 
histogens; (a) pleurome; (b) periblem (2 cell layers thick — ^the inner 
contributed to cortex and the outer to hypodermis and several layers 
of cortex as well) ; and (c) dermatogen-calyptrogen. This is similar to 
type III-A root tip organization as described by janezewski (1). Root 
hairs were present in moderate numbers, the youngest ones being 4.5 to 
5 millimeters from the root tip. 

The arrangement of the primary xylem was usually triarch or te- 
trarch although small lateral roots often had a diarch arrangement. 
Endodermal cells had thickened radial and tangential walls which 
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Stained lightly with Sudan III. Endodermal cells close to primary 
xylem (passage cells) had either less wall thickening or had none at all. 
The thickenings were formed at about the same time as primary xylem 
lignification took place. 

After the stelar cambium became differentiated, the pericyclic cells 
by periclinal divisions became an active phellogen which formed phel- 
lum and phelloderm. The endodeniiis usually remained intact for some- 
time and increased in size by anticlinal divisions of endodermal cells. 
The interior of the pericycle cells opposite the primary phloem became 
filled with dark staining substances. These stained brown with ferrous 
sulfate and were undoubtedly composed mostly of tannins. 

The activity of the pericyclic phellogen was of short duration. The 
third row of cells inside the endodemiis became filled with substances 
as desci'ibed for the endodermis and all cell division to the outside 
ceased. A new phellogen differentiated just inside the tanniferous row 
of cells and the process was repeated so that the resulting periderm 
consisted of distinct multicelled layers ensheathing the stele and each 
layer was composed of one row of tanniferous cells and two rows of 
non-tanniferous cells. The outer layers of periderm became suberized. 

Sometime after the formation of secondary phloem, certain primary 
phloem cells became fully differentiated as thick walled fibers apparent- 
ly composed of layers of cellulose and lignin. The xylem ray cells were 
packed with starch grains. 

Dry Soil : — In soil of low moisture content the older roots were long, 
slender, and dark brown in color. The very young roots were short, 
brittle, light brown in color, and generally stunted in appearance. There 
was considerable branching in the region of young roots only. Root 
hairs were very abundant and were present as close as 0.7 millimeters 
from the root tip. They became suberized and persisted on roots some 
distance back from the root tip or as long as the cortex and epidermis 
were present. 

Where part of the roofs of the plant was in moist soil, the dry soil 
root tips had a greater diameter but where all roots were in dry soil, 
they had a smaller diameter than roots in moist soil. 

Tannins and suberin were present nearer the tip and were more 
abundant in the endodermis and the periderm of roots which grew in 
dry soil (Fig. 1, A). The layers of periderm usually consisted of one 
row tanniferous cells and one row non-tanniferous cells. 

Soil of High Moisture Content : — Roots which grew in soil of 
high moisture content were different in several respects from those 
which grew in moist soil. The old roots were large in diameter with a 
soft and spongy light brown bark which often exfoliated exposing 
white layers underneath. The young roots were sparsely branched so 
that terminal roots predominated. The young roots were large in dia- 
meter and white for distances up to 8 to 10 centimeters from the tip. 
Root hairs were few in number or absent. 

There were more undifferentiated tissue and more primary tissue 
present. The first differentiation of endodermis and vascular tissues 
was evident farther from the root tip. 
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Fig. 1. Transverse sections of rose roots all having same magnification. A, 
Young root (1.05 mm in diameter) from dry soil showing endodermis 
filled with tannins and abundant root hairs. B, C, D, E, Successive stages 
in the. development of roots from high moisture content soil. In and “C” 
the breakdown of cortical cells and formation of pericyclic phellogen. In 
“D” the radial elongation of cells, rupture of the endodermis, and formation 
of the second phellogen. In “E” the 7th phellogen is active. Six layers of 
spongy periderm are evident End.-Endodermis. Ph.-Phellogen. 

Thickening of the endodermal walls took place later than xylem dif- 
ferentiation and then to a lesser extent than that in drier soils. There 
was little or no deposition of tannins in the endodermal cells. 

Cells in the cortex became separated in areas leaving large passage 
ways, or lacunae, in the cortex. This apparently began about the time of 
xylem differentiation. The cortex was thick and the cells were large. 
The periderm formed in layers three or more cells thick with the inner 
row of cells containing some tannins. The outer several rows of cells’ 
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elongated radially to the axis as seen in transverse sections and thick, 
loose, spongy layers were formed which separated readily from the 
stele (Fig. 1, B, C, D, E). 

The rate of periderm formation was greater than in drier soil re- 
sulting in the formation of a many layered periderm 0.07 to 0.13 milli- 
meters or greater in thickness. 

Roots In Water: — ^Where the entire root system of the rose plant 
was in water, death occurred. Where most of the roots of the plant 
were growing in favorable conditions in soil, temporary but vigorous 
roots frequently grew into water below the soil. Although the length 
of life varied, they remained alive for 6 to 8 weeks in many cases. 

The appearance of roots which grew in water was similar to those 
which grew in high moisture content soil but was more extreme. The 
older roots had a very spongy bark while the young roots were white 
for long distances back of the tip (20 centimeters or more) and there 
was very little branching of the roots. 

Differentiated cells were first present relatively far from the tip and 
there was little or no suberin or tannins evident. The endodermis was 
often composed entirely of thin-walled cells. There was some plug- 
ging of the xylem vessels by unidentified substances. 

The duration of activity of the pericyclic phellogens was greater as 
there were often many more rows of radially elongate parenchymous 
cells present between the rows of cells tangentially elongate and which 
contained small amounts of tannins. 

Summary 

A study of the roots of Better Times roses which had grown in sev- 
eral different moisture conditions indicated that the following were 
influenced directly or indirectly by the relative amounts of moisture 
present in the surrounding root medium : 

1 . Length and diameter of roots. 

2. Branching or formation of lateral roots. 

3. Number and persistence of root hairs. 

4. Differentiation of vascular tissues. 

5. Differentiation of the endodermis. 

6. Deposition of suberin and tannins, and the presence of passage 

cells in the endodermis. 

7. Formation and duration of activity of phellogens. 

8. Presence of lacunae in the cortex. 

9. Extent and ultimate form of periderm 
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The Effects of Certain Fertilizer Treatments Upon the 
Growth and Flower Production of Narcissus in 
North Carolina^ 

By J. Mitchell Jenkins, Jr., North Carolina^ Agricultural 
Experiment Station, Vegetable Research Laboratory, 
Wilmington, N, C., Neil W. Stuart, Plant Industry 
Station, BeltspiUe^ Md. 

I N 1947 the North Carolina Agricultural Experiment Station, in co- 
operation with the United States Department of Agriculture, be- 
gan a series of fertilizer experiments with narcissus at the Vegetable 
Research Laboratory near Wilmington, North Carolina. The purpose 
of the experiments was to determine whether narcissus responds to 
applications of commercial fertilizers and whether heavy applications 
of mineral nutrients affect the amount of basal rot in bulbs protected 
with a fungicide. This paper is a report on the effects of various 
fertilizer treatments upon the yields and the size of narcissus flowers 
and bulbs in two growing seasons. 

Variable results have been i*eported on fertilizer experiments with 
narcissus. Emsweller, Randall, and Weaver (1) tested a large number 
of fertilizer combinations near Castle Hayne, North Carolina, but 
tliey found no significant differences in yields of bulbs. Comparisons 
with unfeitilized plots were not made. Higher flower yields resulted 
from the application of 3 pounds of borax per acre. Parker (2) re- 
ported that at Norfolk, Virginia, the use of 1000 pounds per acre of 
a 2-10-5 fertilizer gave fewer flowers but heavier bulbs. Smith (3) 
found that in Virginia a fertilizer containing no nitrogen produced 
bulbs of poor quality, but the earliest flowers. Stuart (4) reported 
that the effects of fertilizers on flower and bulb production at Belts- 
ville, Maryland, were small but consistent. Nitrogen and phosphorus 
reduced yields but potassium increased them, apparently because of 
the influence of these nutrients on the development of basal rot. 

The experiments reported herein were conducted on a soil that was 
low in nitrogen and potassium and high in phosphorus. It was classified 
as Onslow loamy fine sand. It had grown a crop of daffodils in 1945 
and had produced a heavy crop of Crotolaria striata in 1946 which was 
plowed under. The pH range was 5.2 to 5.9. 

Uniform, round. King Alfred bulbs that had been grown near Wil- 
mington, North Carolina and dug June 24, 1947, were dipped for 5 
minutes in Mersolite 8 (used at the rate of 1 ounce per 50 gallons of 
water) on June 27, This treatment for control of basal rot is based 
on unpublished work by W, D. McClellan at the Plant Industry Sta- 
tion, Beltsville, Maryland. The bulbs were stored in trays until October 
1 5 when they were divided into 36 lots of 50 bulbs, each lot weighing 
4J^ pounds, and again dipped in Mersolite 8 as in June. This treat- 
ment was used for protection against Fusarium basal rot. The bulbs 
were planted October 21, in rows 3 feet apart. Each plot contained 

^Approved by the Director of the North Carolina Agricultural Experiment 
Station as paper No- 324 of the Journal Series. 

477 



478 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


50 bulbs and was feet long with 3 feet between plots. The eight 
fertilizer treatments (see Table I) and the unfertilized check plot 
were replicated four times. The fertilizers were applied in the row and 
were well mixed with the soil except in the band and side applications. 

The yields of flowers from the different treatments^ were recorded 
as well as the heights of the flower stalks and the diameters of the 
flowers. The bulbs were dug on June 15 and 16, 1948 and were weighed 
and dipped in Mersolite 8. Bulbs from each treatment were kept sepa- 
rate and stored until October 8 when they were cleaned, sorted, 
weighed, and dipped in Mersolite 8. The same lots of bulbs were 
planted again on October 15, 1948 in 15-foot plots which received the 
same fertilizer treatments as in the previous year. Yields of flowers 
and bulbs in 1949 were again recorded. 

Results 

The results obtained the first year were in agreement with some of 
the previous work reported above (1). There were no significant 
differences in yields of flowers, or in their size, or in the heights of 
the flower stalks among the fertilizer treatments. Neither were there 
any significant differences in yields of bulbs at the end of the first 
season. Loss of bulbs from basal rot was small during the summer 
storage. 

In the second year there were marked differences in yields of flowers 
and bulbs among the treatments as shown in Tables I to III. The first 
plants to emerge were those from plots which had received either 1500 
pounds of a 4-12-4 fertilizer per acre or 750 pounds of a 4-12-4 
fertilizer plus a side application of sodium nitrate. These plants were 
4 to 6 inches tall before the plants in any of the other plots began to 


TABLE I — Narcissus Flower Yields the Second Year as Affected by 
Different Fertilizer Treatments 
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TABLE II— Narcissus Flower Stalk Heights the Second Year as 
Affected by Different Fertilizer Treatments 


Number and Treatment 

Average 

Heights i 
On D 

n Inches 
ates Indi 

of Flowe: 
cated 

r Stalks* 

Mean 


Feb 1 

Feb 15 

Feb 17 

Feb 21 

Feb 25 


1. No fertilizer 

78 

8.6 

7.4 

7.6 

6.8 

7.6 

2. 250 lbs of 4-12-4 per acre in the row 

9.9 

9.3 

9.4 

9.9 

10.0 

9.7 

3. 750 lbs of 4-12-4 per acre in the row 

10.4 

10.6 

10.1 

10.7 

9.7 

10.3 

4. 1600 lbs of 4-12-4 per acre in the row .... 

11.9 

10.2 

10.2 

10.8 

0 

10.8 

5. 1500 lbs of 4-12-4 per acre (500 lbs at plant- 

ing, 500 lbs at emergence, 500 lbs at flow- 
ering 

6. Urea-form, 30 lbs nitrogen per acre 

11.2 

10.1 

9.9 

10.0 

9.80 

10.2 

11.9 

9.4 

8.8 

8.3 

7.10 

9.1 

7. 750 lbs of 4-12-4 per acre plus 30 lbs avail- 
able nitrogen at emergence 

11.3 

10.2 

9.9 

8.2 

11.0 

10.1 

8. 750 lbs of 4-12-4 per acre plus 30 lbs KaO at 
emergence 

10.9 

10.1 

9.9 

10.3 

8.1 

9.9 

9. 750 lbs of 4-12-4 per acre, band application 
at time of planting 

11.0 

10 0 

10.0 

10.1 

9.9 

10.2 


Differences required for significance: 
(.05) 1.2 

(. 01 ) 1.6 


^Heights of the green stems exclusive of the flowers themselves. 


TABLE III — Yields of Cured Narcissus Bulbs From Different 
Fertilizer Treatments* 


Number and Treatment 

Average 
Weight 
(Pounds Per 
Plot) 

Average 
Number 
Bulbs Per 
Plot 

Average 

Weight 

Bulbs 

(Ounces) 

Average 
Number 
Rotten 
Bulbs Per 
Plot After 
Curing 

1. No fertilizer 

7.98 

111 

1.15 

0.5 

2. 260 lbs of 4-12-4 per acre in the row. . 

10.18 

107 

1.52 

0.25 

3. 750 lbs of 4-12-4 per acre in the row . . 

11.57 

101 

1.83 

1,5 

4. 1500 lbs of 4-12-4 per acre in the row 

11.66 

98 

1.90 

2.0 

5. 1500 lbs of 4-12-4 per acre (500 lbs at 
planting, 600 lbs at emergence, 500 
lbs at flowering 

13.01 

109 

1.91 

0.5 

6. Urea-form, 30 lbs nitrogen per acre. . 

7. 750 lbs of 4-12-4 per acre plus 30 lbs 

available nitrogen at emergence . . . 

8.82 

94 

1.50 

0.0 

12.25 

105 

1.87 

0.25 

8. 750 lbs of 4-12-4 per acre, plus 30 lbs 
KaO at emergence 

11.71 

104 

1.80 

0.6 

9. 750 lbs of 4-12-4 per acre, band appli- 
cation at time of planting 

10.56 

101 

1.67 

1.0 


Difference required for significance; 
Weight of bulbs per plot 

Number of bulbs 

Mean weight of bulbs per plot 


.05 

0.9 

.01) 

1.2 

.05 

7.9 

.01) 

10.7 

[.06) 

0.23 

(.01) 

0.32 


♦Each lot of bulbs received the same fertilizer treatment for two successive years, but the bulbs 
were dug at the end of the first year and replanted in a new location. 


emetrge. They were 3 inches taller than the other plants at the con- 
clusion of the blooming period. 

Both the highest early yields of flowers and the highest total yields 
were obtained from the series of plots that received either 750 pounds 
of a 4-12-4 fertilizer per acre plus a side dressing of sodium^ nitrate or 
1500 pounds of a 4-12-4 fertilizer per acre applied either in the row 
as one application or in three applications— at planting time, at em- 
ergence, and at time of flowering, respectively. Plots that received 







480 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


either no fertilizer or as little as 250 pounds of fertilizer per acre pro- 
duced fewer early flowers and gave smaller total yields. 

High potassium levels were not conducive to good flower production 
unless the nitrogen level was also high. Where a side application of 30 
pounds of available potassium was made at the time of emergence on 
plots which had been fertilized with 750 pounds per acre of a 4-12-4 
fertilizer the yields were no better than those obtained from the use of 
750 pounds per acre of a 4-12-4 fertilizer alone. The yields of early 
flowers were lower on the high potassium plots than on those where 
both nitrogen and potassium were at a high level, (treatment 4), or 
where the nitrogen level was high and the potassium level relatively 
low (treatment 7). 

The average heights of the flower stalks from the different fertilizer 
treatments are given in Table 11. Most of the heavier fertilizer ap- 
plications produced flower stalks that averaged more than 10 inches 
in height (exclusive of the flowers themselves). Where no fertilizer 
was applied the flower stalks were 2 to 3 inches shorter. The differences 
in flower diameters were not significant when analyzed statistically 
and the data are not presented. 

Table III gives the yield data on cured bulbs from the various 
fertilizer treatments. Bulbs that received no fertilizer produced an 
average of 7.98 pounds per plot, having a mean weight of 1.15 ounces 
per bulb. Plots that received 1500 pounds of 4-12-4 fertilizer per acre 
in three applications produced the greatest yield, 13.01 pounds of 
bulbs per plot, and their average weight was 1.91 ounces. The yield 
of bulbs from the 750 pound fertilizer application plus a nitrogen side 
dressing was not significantly lower than the 1500 pound split ap- 
plication, and the average bulb weight in this case was 1.87 ounces. 

Urea-form, a slowly available source of nitrogen, supplied by the 
Division of Fertilizer and Agricultural Lime of the Bureau of Plant 
Industry, was applied at the rate of 30 pounds of nitrogen (from a 
preparation having a U/F Mol. ratio of 1.27) per acre in 1947 in 
addition to 750 pounds per acre of 4-12-4 fertilizer. The Urea-form 
(481-B 2) was applied alone in 1948 and resulted in the production 
of fewer flowers and a smaller weight of bulbs than were produced 
in the better treatments such as 3, 5, and 7, in which complete fertilizers 
were used. 

Application of the fertilizer in bands 3 inches on either side of the 
bulbs at time of planting resulted in slightly smaller production of 
bulbs and flowers than where the fertilizer was applied in the row. 
However, this method is worthy of further study, since only limited 
amounts of fertilizer can be applied in the row. 

Thus, as shown in Table III, yield of bulbs following application 
of 1500 pounds per acre of fertilizer in the row was not significantly 
greater than the yield following 750 pounds per acre of the same 
fertilizer. When the 1500 pounds was made in three applications the 
yield of bulbs was significantly greater than when the same amount 
was applied in the row at planting time (treatment 4) . 

The results reported herein indicate that the production of good 
quality, early flowers and large bulbs depends to a great extent upon 
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the amounts and kinds of nutrients that the bulbs receive the previous 
year. The bulbs used in the 1947-48 experiments had received an ap- 
plication of 750 pounds per acre of a complete fertilizer in 1946-47. 
In 1947-4-8 no differences could be detected between treatments, but 
in 1948-49 those bulbs that had received no fertilizer for 2 years pro- 
duced flowers and bulbs that were definitely inferior to those from 
plants grown at higher nutrient levels. It appears that under average 
growing conditions sufficient nutrients are stored in the bulbs one 
year to produce satisfactory flowers the following year. 

It may be concluded that in eastern North Carolina, on soils of low 
fertility, narcissus should receive at least 750 pounds per acre of a 
complete fertilizer when planted plus a side application of 30 pounds, 
or possibly more, of available nitrogen at emergence if satisfactory 
flower and bulb production is to be maintained and if early blooming 
is desired. It would appear that nitrogen is of especial importance for 
early flowering. On fertile soils that are relatively high in plant nu- 
trients this might be reduced to 500 pounds of a complete fertilizer 
plus a side application of 30 pounds of available nitrogen at the time 
of emergence. A high nitrogen level, or a high nitrogen-high potas- 
sium level, seems to be more important than a high potassium level 
alone, even on soils that are low in both of these elements. However, 
the greatest yield of bulbs followed moderate applications of complete 
fertilizer at planting time followed by side dressings of complete 
fertilizer at emergence and flowering or of nitrogen alone at emergence. 

The bulb stocks used in these tests contained a very low percentage 
of basal rot. It was apparently well controlled by the Mersolite treat- 
ment and the fertilizers used had little effect on the disease. 

Summary 

Narcissus bulbs were fertilized with varying amounts of plant nu- 
trients applied in different ways and times. Each bulb lot received the 
same treatment in two successive years. There were no significant 
differences in yields between treatments the first year. The second 
year the plots that received either no fertilizer or only 250 pounds 
of fertilizer per acre produced fewer flowers than those that received 
larger amounts of fertilizer. Best yields of early flowers and of bulbs 
resulted from the use of either 1500 pounds per acre of a 4-12-4 
fertilizer or 750 pounds per acre of a 4-12-4 fertilizer plus a side ap- 
plication of 30 pounds of available nitrogen. 
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Pruning Trials on Wisteria Vines 


By W. H. Chandler, University oj Calijornia, Los Angeles, Calif. 

M any ornamentals with much less beauty in flowers, leaves, and 
stems than vines of the best wisteria varieties have, and much 
less ability to flower profusely and dependably in the various situations 
around a home, are more popular. This lack of deserved popularity is 
probably due in part to neglect of training. Such strong-growing vines, 
in spite of exceptionally beautiful flowers, may disfigure a home instead 
of beautifying it, if they are not so located and trained that they em- 
phasize beautiful lines in the building instead of hiding them. The 
most effective training of a vine I have seen was on the railing of an 
outdoor stairway to an apartment. The Chinese wisteria vine was dil- 
igently trained to this exact position so that at each level of the stair- 
way an extra profusion of long purple clusters hung ; a rather unat- 
tractive but necessary structure was made very beautiful by a vine that 
if left untrained would have become a brush pile covering most of the 
house. 


Two kinds of shoots bear flower buds on Wisteria vines : (a) a shoot 
that is terminated by a flower cluster usually contains a number of 
leaves in the axils of which flower buds develop, except at very small 
basal leaves where the buds are vegetative and remain dormant one to 
many years ; (b) each year a considerable number of shoots grow from 
such buds at the bases of long or short shoots, on vines of Wisteria 
sinensis and W. venusta, even if such shoots become 10 to 20 feet long, 


nearly all buds at leaves exposed to 



fairly good light will have rudamen- 
tary flower clusters in them by 
late summer or early autumn as 
Fig. 1 shows. After the warm 
winters in southern California, 
buds on such long, late-growing 
shoots tend to open a little later 
in spring than buds on the short 
shoots that have borne each a 
terminal flower cluster in the 
preceding year. 

Some gardeners say that if 
long shoots are cut back in late 
summer, flower clusters in the 
following spring on the part left 
will be longer. At Riverside two 
vines each of purple and of white 
Wisteria sinensis of purple and 
of white W. venusta, and of 10 
varieties of W. floribunda, in- 


cluding Royal Purple, were used 


Fig. 1. Flower initials in a Royal 
Purple wisteria bud in early Sep- 
tember. By Mrs. Mary Schroed- 
er and Eldon Cairns. - 


to Study this response. These 
vines had been planted in the 
spring of 1938 to study the effect 
of dinitro sprays on opening of 
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the buds after warm winters. The spray caused flowering to be a little 
earlier in spring but not better ; all vines in the planting flowered sat- 
isfactorily but a little late after even the warmest winters. Fairly 
heavy summer pruning also causes flowering to be delayed a little 
but not less profuse. 

On August 27 , 1941, 20 long shoots, if the vine contained that many, 
were tagged in pairs so that shoots in each pair would have the same 
length and number of leaves, and appearance. On one vine of each 
variety, one shoot in each pair was pruned August 27, the other left 
unpruned. On the other vine one shoot in each pair was left unpruned, 
the other pruned on February 2, 1942. Pruning was cutting back to a 
stub containing four or five buds. The treatments were repeated in the 
summer of 1942 and late winter 1943. Effects of the pruning on number 
of flowers to open per cluster are summarized in Table 1. 


TABLE I — Possible Effect of Summer and Winter Cutting Back of 
Wisteria Shoots on Number of Flowers in Clusters from Buds Left 



Flowers 

Flowers 

Number 


Per Cluster 

Per Bud 

of Buds 


Wtsidna fioribunda Royal Purple 


Spurs from late summer cutting 
Spurs from late winter cutting . . . 
Basal 4 buds on unpruned shoots. 
Buds 5 to 8 on unpruned shoots . , 
Buds 9 to 12 on unpruned shoots, 


68 

101 

74 

71 

58 


Wisteria sinensis 


Spurs from late summer cutting. . 
Spurs from late winter cutting . . . 
Basal 4 buds on unpruned shoots, 
Buds 5 to 8 on unpruned shoots. , 
Buds 9 to 12 on unpruned shoots. 


35 

50 

33 


30 

39 

73 

53 

18 

128 

22 

128 

15 

128 


19 

76 

33 

42 

20 

104 

27 

104 

24 

104 


Spurs from late summer cutting. 
Spurs from late winter cutting , . 
Basal 4 buds on unpruned shoots 
Buds 6 to 8 on unpruned shoots. 
Buds 9 to 12 on unpruned shoots 


Wisteria sinensis alba 


32 

32 

26 


Wisteria venusta alba 


Spurs from late summer cutting. . 
Spurs from late winter cutting . . . 
Basal 4 buds on unpruned shoots, 
Buds 5 to 8 on unpruned shoots. . 
Buds 9 to 12 on unpruned shoots, 


16 

20 

20 

19 

18 


27 

27 

13 

20 

16 


11 

8 

10 

13 

7 


78 

92 

160 

160 

160 


20 

28 

52 

52 

52 


Wisteria venusta violaceae 



38 

26 

49 


36 

21 

79 

Pfasal 4 buds nn iinpniTied shoots 

27 

10 

116 

Buds 5 to 8 on unpruned shoots 

34 

28 

116 

Buds 9 to 12 on unpruned shoots 

32 

24 

116 


Cutting back of shoots caused the clusters on the parts left to be 
longer and to contain more flowers; and apparently, as the middle 
column indicates, caused a larger percentage of the buds to produce 
clusters on vines of most of the varieties. However, buds on shoots 
pruned in late winter, long after all flowers must have been initiated, 
produced clusters with as many flowers as buds left on summer-pruned 
shoots or more. Some of the flower initials are abscised from elongating 
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inflorescences, and less frequently the inflorescence protrudes a little 
from the bud and then dies. Abscission of flower initials and dying 
of protruding inflorescences seem greater at the base and at the apex 
of long unpruned shoots than along the middle part. Apparently cut- 
ting back a shoot in late summer to late winter causes more nearly all 
the initials in the buds left to become fully developed flowers, and pos- 
sibly fewer of the inflorescences to die when expanded only a little. 

One may want to prune vines severely to get branches out of the 
way for painting a structure they are on and will then want to know 
what effect the pruning will have on their subsequent growth and 
flowering. On June 14, 1946, nearly a month after the flowers had 
fallen, and after many shoots were 16 to 20 inches long, nearly all these 
vines (tangled bushes about 10 feet tall and broad) were cut back to 
branched stubs less than half their former height and spread, many 
of the cuts where the branches were more than an inch in diameter, 
nearly all the leaf surface being cut off with the wood removed. New 
shoots soon started from dormant buds. Some of these on white and 
on purple Wisteria sinensis bore flower clusters in summer, less than 
3 months after the pruning was done. Notes on blossoming in the fol- 
lowing spring were kindly taken by Roy Nakayama. Both plants of 
the Royal Purple variety of W, floribimda flowered well. So did both 
plants of white and of purple sinensis and both plants of white and 
of purple W. venusta. A few plants of other varieties of W. florilninda 
produced enough clusters to make a fairly good showing, but most 
plants of this species produced very few flowers or none. If the W, 
floribunda vines had not been in full, intense sunlights they would 
have produced even fewer flower clusters. 

Training wisteria vines for good flowering on small lots in some 
shade might well be about as follows : plant a variety of Wisteria sinen- 
sis or W, venusta, or possibly the Royal Purple variety of W. flori- 
bunda, and train the young branches in any direction wanted. When the 
vines begin to grow into positions where they are not wanted, cut off 
the undesirable parts as soon as all flowers have fallen, shorten un- 
sightly shoots to sightly lengths in summer, possibly shortening them 
further in late winter, and if such annual pruning does not keep the 
vines small enough, cut back the whole vine more severely soon after 
the flowers fall in some springs. Such pruning would tend to prevent 
flowering on vines of most varieties of W, floribunda. On W. sinensis 
and W. venusta vines such cutting back large branches and thinning 
out small ones that have borne terminal flower clusters along the part 
wanted, will cause the growth of more long shoots that bloom the later 
in spring and so prolong the season of profuse flowering. Such thinning 
tends also to space the clusters in better light. In districts where the 
summers are short and the winters cold, moderate summer pruning 
or severe pruning at any time may reduce resistance to low winter 
temperatures. 



Rose Root Studies: Some Effects of Root Aeration 

By James B. Shanks and Alex Laurie, Ohio Agricultural 
Experiment Station^ Columbus, Ohio 

I N A previous paper ^ (4) the authors described an experiment in which 
plants of Better Times roses propagated by cuttings grew with their 
roots in haydite which was irrigated periodically with a culture solution. 
As the solution was drained, mixtures of air components were intro- 
duced so that the roots of different plants were aerated with approxi- 
mately 1, 5, 9, 13, 17, 21, 25, and 29 per cent oxygen in nitrogen and 
5, 10, 15, and 20 per cent carbon dioxide in nitrogen with 20 per cent 
oxygen present. Atmospheric air was used to approximate the 21 per 
cent oxygen gas mixture. 

Under the conditions of the experiment the plants grew well under 
all treatments with no apparent visual differences in the tops. Differ- 
ences were apparent, however, between the roots of the plants from the 
various treatments. As compared to the roots in atmospheric air, the 
young roots in high carbon dioxide concentrations appeared much 
larger in diameter and were very brittle. The young roots which grew 
in 1 per cent oxygen were just as extensive as those in atmospheric air, 
but were much smaller in diameter, were more branched, and were 
very white in appearance. The present paper reports the results of 
chemical and anatomical studies on this material. 

Two representative plants from each treatment were treated as in- 
dividuals for the chemical analysis. Each was separated into roots and 
tops and preserved in 80 per cent ethyl alcohol. One-half gram of cal- 
cium carbonate was added to each sample. Each portion was extracted 
with 80 per cent ethyl alcohol and the resulting extract and residue used 
in estimating the various soluble and insoluble components. The meth- 
ods of the Association of Official Agricultural Chemists ( 1 ) were fol- 
lowed except in estimating potassium where the ceric sulfate method 
described by Brown, et al (2) was used. Wallerstein’s red label in- 
vertase was used in the inversion of non-reducing sugars and the re- 
sults were calculated as sucrose. Portions of the residue were hydrolized 
by heating with dilute hydrochloric acid and the reducing power of 
this extract was calculated as starch. The value for the amount of nitro- 
gen in the residue was multiplied by 6.25 and reported as protein. 

The methods used for sectioning and staining were those of Johan- 
sen (3), The paraffin method was used followed by a triple stain of 
safranin, Delafield’s hematoxylin, and fast green. 

Results of Chemical Analyses 

Table I gives the results of chemical analyses of the roots and tops 
of plants which grew with different carbon dioxide concentrations 
around the roots. Table II gives the results of the analyses of plants 
which grew with different oxygen concentrations around the roots. 
The values given represent an average of the two plants which were 
analyzed from each treatment. The variation in the chemical compo- 
sition Of plants from the same plots was such that the differences found 
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TABLE I~Analysis of Plants Which Grew With Different CO2 
Concentrations Around Roots Plus 20 Per Cent O 2 


Approx 
Ave COi 
Concen- 
tration 
(Per 
Cent) 


Per Cent 
D 

j Glucose 

Per Cent 
Sucrose 

Per Cent 
Starch 

Per Cent 
Protein 

Per Cent 
Soluble 
N 

Per Cent 
Nitrate 
N 

Per Cent 
Ammo- 
nia 

N 

Per Cent 
Amide 

N 


Per 

Cent 

K 


Roots 


0 

1.52 

1.90 

21.10 

10.80 

0 451 

0.290 

0.052 

0.037 

1.39 

5 

1.42 

1.78 

24.05 

11.15 

0.618 

0.329 

0.054 

0.071 

1.39 

10 

1.13 

1.68 

21.40 

10.04 

0.450 

0.369 

0.046 

0.029 

1.20 

15 

1.68 

2.45 

23.20 

11.66 

0.378 

0.370 

0.032 

0.029 

1.41 

20 

1.67 

1.89 

22.60 

11.16 

0.434 

0.323 

0.042 

0 

1.38 





Tops 





0 1 

2.21 

3.54 

23.37 

14.66 

0.235 





5 

1.45 

2.73 

22.00 

14.98 

0.374 

(Results of chemical analyses 

10 

2.16 

3.18 

22.45 

15..55 

0,297 

calculated on a moisture free 

15 

2.07 

2.85 

23.42 

15.13 

0 281 


basis) 


20 

1.90 

2.62 

23 30 

12.91 

0 269 






TABLE II — Analysis of Plants Which Grew With Different O 2 
Concentrations Around Roots 


Approx 



Ave Oa 
Concen- 

Per Cent 

Per Cent 

tration 

(Per 

Cent) 

Glucose 

Sucrose 


Per Cent Per Cent 
Starch Protein 


Per Cent 
Soluble 
N 


Per Cent 
Nitrate 
N 


Per Cent 
Ammo- 
nia 
N 


Per Cent 
Amide 
N 


Per 

Cent 

K 


Roots 


1 

1.65 

1.85 

23.55 

10.58 

0.439 

0.338 

0.042 

0.025 

5 

1.01 

1.13 

23.25 

11.39 

0.521 

0.361 

0.023 

0.025 

9 

1.16 

1.31 

21,00 

9.18 

0.502 

0.278 

0.033 

0.000 

13 

0.74 

0.74 

21.00 

9.71 

0.424 

0.218 

0.043 

0.035 

17 

1.12 

0.71 

22.70 

9.97 

0.516 

0.380 

0.060 

0.036 

21 

1.62 

1.90 

21.10 

10.80 

0.451 

0.290 

0.052 

0.037 

26 

1.94 

1.23 

21.30 

9.69 

0.409 

0.231 

0.034 

0.040 

29 

0.90 

1.13 

22.00 

10.54 

0.441 

0.346 

0,044 

0.044 


IM 

1.59 

1.48 

0.84 

1.28 

1.39 

1.04 

1.16 


Tops 


1 

2.10 

3.17 

24.62 

13.64 

0.299 


6 

1.76 

2,64 

23.67 

14.82 

0.292 


9 ! 

1,82 

2.82 

25.16 

14.18 

0 248 

(Results of chemical analyses 

13 

1.73 

1,84 

22.80 

15.01 

0.280 

calculated on a moisture free 

17 

1.91 

2.66 

22.35 

16.76 

0.285 

basis) 

21 

2.21 

3.54 

22,37 

14.66 

0.235 

25 

2.63 

4.87 

27,47 

12.65 

0.239 


29 

2.79 

3.74 

22.47 

16.19 

0.222 



between the plot averages would not be significant. In an experiment 
of this nature where a single factor is progressively increased or de- 
creased, any^ real differences in the composition of the plants would be 
expected to ‘fall into a definite pattern. Since this was not the case, it 
again leads to the conclusion that the results of the analyses for carbo- 
hydrate fractions, nitrogen fractions, and potassium were not signifi- 
cantly different because of the differential treatment applied in the ex- 
periment. The variations in the chemical composition of the individual 
plants from the same or different treatments were more likely the re- 
sult of the various stages of growth of the rose plants, such as breaking 
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of axillary buds, shoot elongation, and flower formation. Thus, it seems 
logical to conclude that the chemical composition of the roots and tops, 
as far as it was determined, indicated that the roots were functioning 
equally well over the entire range of oxygen and carbon dioxide con- 
centrations used. 


Anatomical Observations 

The authors in a previous paper (5) described the structure of rose 
roots which grew under conditions of dry soil, moist soil, and soil of 
an extremely high moisture content. The structure of roots which grew 
in an oxygen concentration of approximately 21 per cent and with 
little carbon dioxide present was similar to that of roots which grew 
in moist soil. 

The structure of roots which grew in concentrations of 5 per cent 
cax'bon dioxide or greater was similar in 'Some respects to the structure 
of roots which grew in soil of high moisture content. The root diameter 
before secondary thickening had taken place averaged 1.4 mm or ap- 
proximately one and one-half times the diameter of roots which grew in 
low carbon dioxide concentrations. Passage-ways or lacunae were 
formed in the cortex of young roots either by disintegration or sepa- 
ration of cell walls in localized areas. The periderm of these roots 
showed a definite tendency to form as loose spongy layers due to the 
radial elongation of certain layers of cells. There was, however, no 
other similarity to roots which grew in high soil moisture. Lignified 
phloem fibers were present, neither suberization nor the deposition of 
tannins appeared to have been inhibited, and many root hairs were 
present (Fig. 1). 

Young roots which grew in 1 per cent oxygen were very small in 
diameter. The terminal roots averaged 0.65 mm in diameter and lateral 
roots 0.40 mm in diameter. 

All other characteristics of roots which grew under conditions of 
low oxygen concentrations were similar to those of roots which grew 
in high moisture content soil. Passage-ways or lacunae were formed 
in the coiiex of young roots as was noted for roots in high carbon 
dioxide. Wall thickenings were present in the endodermis although 
these were not so extensive as in higher oxygen concentrations. There 
was little or no accumulation of tannins in endodermal cells. Very few 
root hairs were present. 

The periderm of roots which grew in 1 per cent oxygen was formed 
of spongy layers each composed of a row of tangentially elongate cells 
encircling several rows of loosely arranged radially elongate cells. The 
number of cell divisions in the pericyclic phellogen appeared to have 
been much greater as there were a number of rows of meristematic 
cells present and the resulting periderm was extensive. Tannins were 
usually not present in the tangentially elongate cells. Very few phloem 
fibers were present and those were not heavily lignified (Fig. 1). 

In 5 per cent oxygen the diameter of the young roots was as great 
as that in 21 per cent oxygen. Phloem fibers were more abundant in 
these roots than in 1 per cent oxygen. The periderm showed some ac- 
cumulation of tannins even though spongy periderm was present. 



AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 




Fig. 1. Transverse sections of rose roots which grew m dififerent Om and COa 
concentrations, (A is .65 mm in diameter ; others to same scale) A, Young 
root from 1 per cent Os. B, Old root from 1 per cent Oa. C, Old root from 
29 per cent Oa. D, and E, Young roots from IS per cent COa, F, Old root 
from 15 per cent COs, Note tearing caused in sectioning by hard phloem 
fibers. 

Ph — ^phellogen ; End— Endodermis ; and L — ^Lacuna. 


Roots which grew in 9 per cent oxygen had many root hairs. The 
endodermis developed heavy wall thickenings but tannins did not ac- 
cumulate quite so much as in higher oxygen concentrations. Phloem 
fibers were abundant. Nearly all of the periderm cells were orientated 
in a tangential plane and were not spongy. Suberization and accumu- 
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latioii of tannins occurred almost as completely as in 21 per cent 
oxygen. 

Roots which grew in 13 per cent oxygen and higher concentrations 
showed little structural diferences except that there was a slightly 
greater accumulation of tannins in 29 per cent oxygen. 

Summary 

1. Chemical analyses and an anatomical study were made of the 
roots of Better Times roses which grew with different concentrations 
of oxygen and carbon dioxide in the air surrounding their roots. 

2. No significant differences in the concentrations of sugars, starch, 
nitrogen compounds, or potassium were found in the tops or roots of 
plants which grew in carbon dioxide concentrations as high as 20 per 
cent or which grew in oxygen concentrations ranging from 1 to 29 per 
cent. This was interpreted as indicating that the roots of the plant 
functioned equally well over the range of oxygen and carbon dioxide 
concentrations used. 

3. Carbon dioxide concentrations above 5 per cent were associated 
with large diameter of young roots, formation of lacunae in the cortex, 
and the formation of a spongy periderm. 

4. Oxygen concentrations of 9 per cent and lower were associated 
with reductions in the amount of tannins accumulated in the endo- 
dermis and periderm and reductions in the degree of suberization of 
outer layers of the periderm. 

5. Oxygen concentrations of 5 per cent and lower were associated 
with the formation of a spongy periderm and reductions in the number 
of root hairs formed. 

6. An oxygen concentration of approximately 1 per cent was as- 
sociated with roots of very small diameter, presence of lacunae in the 
cortex, reduction in the number of heavily lignified phloem fibers pres- 
ent, and an increase in the rate of cell division in the phellogens. 

7. Structural differences found in roots which had grown under 
conditions of high moisture were similar to the collective effects of high 
carbon dioxide and low oxygen concentrations. The formation of pas- 
sage-ways or lacunae in the cortex and of a spongy periderm was com- 
mon to both of these conditions. Associated particularly with high car- 
bon dioxide was the large diameter of young roots and associated par- 
ticularly with low oxygen concentrations were : (a) reduction in num- 
ber of root hairs ; (b) reduction in degree of thickening of endodermal 
walls; (c) reduction in amount of deposition of tannins in the endo- 
dermis and periderm ; (d) reduction in the degree of suberization of the 
periderm ; and (e) increased activity of phellogens. 

8. The small diameter of very young roots and the branching of 
roots associated with low oxygen concentrations were additional char- 
acteristics which were not observed on roots grown under conditions 
of high soil moisture content. 
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The Effect of Several Soil Temperatures 
on Flower Production in Roses 

By H. C. Kohl, G. M. Fosler and F, F. Weinard, University 
of Illinois, Urbana, III 

T he successful forcing of roses depends largely upon the proper 
control of environmental conditions in the greenhouse. Certain of 
these factors have been widely studied. In this category may be in- 
cluded air temperatures, humidity, atmospheric gases, water require- 
ments, types of media for best growth, pH of medium and fertility 
levels. However, the matter of optimal soil temperatures for roses had 
not been previously investigated. 

Although the effect of different root temperatures on roses has re- 
ceived little or no attention, there are several reports in the literature 
concerning work done with other crops. Davidson (4) demonstrated 
that Gardenia veitchii produced more buds and larger flowers when 
grown at high root temperatures. However, the greatest amount of 
bud drop occurred on the high root temperature plants, resulting in 
higher total production for those grown in relatively cool soil. Green- 
house tomatoes, in extensive work by Bewley (3), were shown to re- 
spond favorably to increases in soil temperatures above those com- 
monly used. Not only was the growth more vigorous, but yields were 
increased by as much as 33 per cent over the check plants. Schroeder 
(9) found cold soil to be the indirect cause of leaf and fruit injury to 
cucumbers. Unless the soil was warmed to approximately 70 degrees 
F, water absorption was inadequate to supply the needs of the plant. 
Other pertinent work has been reported by Allen (1), Arndt (2), 
Earley and Cartter (S), Emsweller and Tavernetti (6), Jones (7), 
and Kramer (8). It becomes evident from the literature that at least 
with certain species, soil temperature may be a limiting factor in pro- 
duction under usual cultural conditions. 

Preliminary Experiment 

Work of an exploratory nature was accomplished during the season 
of 1946-47 on the effects of increased soil temperatures upon green- 
house roses. A 100-foot raised cypress bench was planted with two 
replications, each consisting of three soil temperature treatments. The 
soil temperatures used were 80 degrees F, 70 degrees F, and unheated 
check plots which averaged 60 to 65 degrees F during the cooler 
months. The individual plots were planted with 16 plants each of three 
rose varieties. Included were Peter's Briarcliff, Better Times and Pink 
Delight; all were second-year plants, budded on manetti stock. Soil 
in the bench was new brown silt loam, composted with one part ‘well- 
rotted manure to four parts soil. Heat was supplied by thermostatically 
controlled electric cables in the soil. The experimental bench was top- 
watered. One-inch fiberglass pads were used to cover the soil surface 
for mulching and insulating purposes. Night air temperatures were 
maintained at 58 degrees F, 68 degrees F on cloudy days and 73 to 
78 degrees F in bright weather. All other conditions were similar to 
those found in commercial plantings. 
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The results of this experiment, as given in Table I, showed some ad- 
vantage in quantity of flowers per plant in all three varieties for the 
lower soil temperature plots. These differences were considered in- 
dicative of a possible retardation in production due to increased soil 
temperatures, and were used as a basis for further experimental work. 
Stem length and quality of blooms were largely unaffected. 


TABLE I — Flower Production by Three Varieties of Roses 
(October 1 , 1946 to May 20 , 1947 ) 


Soil 

Better Times 

Peter's Briarcliff 

Pink I 

delight 

Tempei-a- 

Average 

Average 

Average 

Average 

Average 

Average 

ture 

Number 

Stem 

Number 

Stem 

Number 

Stem 

(Degrees P) 

Flowers 

Length 

Flowers 

Length 

Flowers 

Length 


Per Plant 

(Inches) 

Per Plant 

(Inches) 

Per Plant 

(Inches) 

Check 

22.6 

16.1 

24.1 

15.5 

16.6 

17.9 

70 

20.2 

14.6 

20.4 

15.0 

15.7 

17.5 

80 

18.2 

15.1 

20.1 

15.0 

15.0 

17.3 


Experiment of 1947-48 

The experimental layout was modified and expanded in the second 
season so that more complete data could be obtained. Four replications 
of three treatments each were randomized on two 100-foot raised 
wooden benches. Only a single variety, Better Times, was used, and 
each plot contained 48 plants. Temperature levels of the warmed plots 
were changed to 85 degrees F and 75 degrees F in the second year to 
give greater differentials between the heated and unheated soils. An- 
other major change was to constant water level culture. With uni- 
form moisture conditions in all plots, there was less possibility of 
“shock'" or injury which may occur when plants are top-watered with 
cold water. In addition, constant water level culture helps to avoid 
localized excessive drying around the cables, which might injure 
portions of the root systems and alter production results. Additional 
heating cable was incorporated in the heated plots in the second season, 
being located at the mid-level of the soil and spaced five inches apart. 
With this arrangement, heating was comparatively uniform and ef- 
ficient. 

The wooden benches were made water-tight with roofing paper and 
Korite asphalt, and half tiles were run down the center of each for 
drainage. The bottoms of the benches were filled with B -grade Hay- 
dite to a depth of 3 inches and carefully leveled. The remaining 4 inches 
of each bench was filled with new composted brown silt loam, which 
was separated from the Haydite by a .02S-inch thick fiberglass mat. 
The fiberglass prevented small columns of soil from sifting down into 
the Haydite, and made it possible, by merely raising and lowering the 
water level in the Haydite, to maintain desirable moisture levels re- 
gardless of season. A l-inch fiberglass surface mulch was again utilized 
to provide insulation and to reduce surface evaporation. 

The air ternperatures, which were maintained independently of 
those in the soil, were substantially the same as used the first season. 
It was found that the check plot soil averaged between 62 and 65 de- 
grees F in the cooler seasons, becoming somewhat higher in late spring 
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and early fall. Regular spot checks and occasional temperature pro- 
files showed that the soil temperatures in the heated plots were es- 
sentially uniform throughout the soil mass, usually within the limits 
of the thermostat, ± 1J4 degrees F. 

The plants, new first-year budded stock, were benched on June 26, 
1947, soft-pinched until September IS, with production records be- 
ginning on October 1. Spacing was 10 inches by 14 inches. Periodic 
checks showed moderately uniform moisture conditions in all of the 
plots, regardless of temperature. Monthly soil tests aided in maintain- 
ing favorable fertility levels. Superphosphate was incorporated into the 
soil when the benches were filled at the rate of 2 pounds per 100 square 
feet. It was not found necessary to supply additional potassium during 
the experiment. Nitrogen fertilizers used were ammonium sulphate 
and ammonium nitrate. As anticipated, the warmer plots showed a 
higher rate of nitration, and less feeding was necessary here. Soluble 
salt accumulations were at no time excessive. Red spider mite was suc- 
cessfully combatted with TEPP fumigations; black-spot and mildew 
were prevented with a sulfur-copper 8 spray. 

Results and Discussion 

The findings for the second year's experiment were very similar to 
those of the preliminary work. It will be seen from Table II that each 
increment of soil temperature increase produced a consequent drop in 
production. Statistically treated by analysis of variance, the results 
gave a significant difference in production betw’-een the check plots 
and those at 85 degrees F. However, when the production data for 
variety Better Times were combined for the two seasons, the high 
soil temperature range showed a highly significant reduction in number 
of flowers per plant. With the medium range, there was a significant 
decrease over the check plants. 


TABLE II— Summary of Flower Production Data for Better Times 
Roses Grown at Three Soil Temperatures; October 1, 1947 to 
July 1, 1948 


Soil Temperature 

Average Number 

Difference 

Difference 

(Desrees F) 

Flowers Per Plant 

Prom A 

From B 

Check (A) 

31.7 



— 

76 (B) 

30.4 

1.3 


85 (C) 

29.8 

1.9* 

0.6 


Difference necessary for significance: 

*At 5 per cent level 1.7 flowers per plant. 


The total stem length of flowers cut (sometimes termed “total wood 
cut") on the check plots was greater than on the heated plots. This 
was primarily due to the greater production on the cooler soil. When 
these figures were reduced to average stem length of flowers cut on 
each .treatment (Table III), no significant difference appeared. 

The plants in the experimental benches were maintained in excel- 
lent growing condition during the production period. At no time was 
it possible to distinguish the various soil treatments by any differences 
in top growth. Likewise, flower color or quality was not impaired by 
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TABLE III—Average Stem Lengths of Better Times Roses Cut From 
Soil Plots Maintained at Three Different Temperatures (October 
1, 1947 TO July 1, 1948) 


Soil Temperature 
(Degrees F) 

Average Stem Length 
(Inches) 

Difference 

From A 

Difference 

From B 

Check (A) . 

20.6 





75(B) 

20.7 

0.1 

— 

85 (C) 

20.8 

0.2 

0.1 


any treatment. As in the first year’s work, there was no evidence of 
root injury due to the heating cables. 

Under the conditions of the experiment, no apparent benefits were 
derived from increasing the temperature of rose soil above that nor- 
mally occurring in unheated plots. Actually, production was adversely 
affected, with the largest reduction at the highest soil temperature 
used each season. Thus the findings of this experiment, while dem- 
onstrating that roses are less sensitive to changes in soil temperature 
than had been expected, are still important. The question is posed as to 
whether or not lower soil temperatures than those found in the check 
plots would enhance production. This seems doubtful since other warm 
house crops ordinarily respond poorly to relatively low soil tempera- 
tures. For the same reason, it is difficult to explain why increasing soil 
temperatures, as provided in this experiment, gave negative results. 
It is possible that warming the soil in the daytime and allowing it to 
cool at night would be more effective than continuous heating. 
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Rose Root Studies: Some EflEects of Soil Temperature 

By James B. Shanks^ and Alex Laurie, Ohw Agricultural 
Experiment Station, Columbus, Ohio 

P fahl, Orr, and Laurie (8) in an experiment where the water was 
warmed to 70 and 80 degrees F before watering the soil in which 
roses were growing in the greenhouse in winter, concluded that such 
treatment did not significantly increase the growth of the rose plants. 
They also observed inhibiting effects at the end of 17 days where the 
culture solution used to irrigate roses in gravel culture was warmed to 
90 degrees F, Fosler and Weinard (3) and Kohl and Weinard (4) 
controlled the temperature of the soil for roses by warming it to tem- 
peratures higher than the prevailing greenhouse temperatures. Soil 
temperatures of 70, 75, 80, or 85 did not increase the production of 
roses. Production of roses was significantly less in the 85 degrees F 
plots than in the unheated plots. 

In a previous paper (9) the authors described an experiment in 
which Better Times roses grew with their roots in soil maintained at 
temperatures of 52, 57, 62, 67, and 72 degrees F. The greatest growth 
of the tops of the plants was produced with root temperatures of 62 to 
67 degrees F. The air temperature for all treatments was 60 degrees F 
at night and 65 to 70 degrees F in the daytime. The present paper 
reports the results of chemical analyses and some anatomical observa- 
tions on the roots of these plants as well as the results of a second 
experiment with controlled root temperatures. 

Procedure 

The same apparatus and methods were employed in the second soil 
temperature experiment as were previously described by Shanks and 
Laurie (11). Rooted cuttings of Better Times roses were planted in 
4-inch pots in May and placed out-of-doors in partial shade provided 
by aster cloth. These plants were then brought into the greenhouse 
and grown in soil temperatures of 56, 60, 64, 68, and 72 degrees F 
from November 2, 1948 to March 15, 1949. The temperature of the 
greenhouse where the plants were growing was 60 degrees F at night, 
65 degrees F on cloudy days, and 70 degrees F on sunny days. All 
flower buds were removed by pinching at the uppermost S-leaflet leaf 
when approximately in diameter. The total stem length of each 

plant was recorded on November 2, 1948, January 7, 1949, and March 
15, 1949, On this last date, fresh and dry weights of roots and tops 
were recorded. 

The methods used for collecting, sectioning, and staining and for 
chemical analyses of plant material from the first soil temperature ex- 
periment were given in a previous paper (11). A Van Slyke deamini- 
zation apparatus was used in the estimation of amino acids. 

Results of Plant Growth 

The results of the second soil temperature experiment, summarized 
in Table I, show that both the fresh and dry weights of roots were 

^Now at the Maryland Agricultural Experiment Station, College Park, Md, 
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TABLE I— vSorL Temperature and Growth of Roses (Average of 

16 Plants) 


Soil 


Growth of Tops 


Growth of Roots 

Tempera- 







ture 

Increase i; 

n Stem Length (Inches) j 

Dry Weight 

Fresh Weight 

D^ Weight 

^ JJ6gr66S JT } 

Nov 2-Jan 7 

Jan 7-Mar 15 

Nov 2-Mar 15 

(Grams) 

(Giams) 

(Grams) 

56 

29.75 

70 43 

100.18 

20.44 

41.13 

8.35 

60 

31.75 

70 12 

101.87 

2G.G0 

39 25 

8.25 

04 

38.13 

92 66 

130.79 

33 00 

39.06 

7.93 

68 

35.06 

64.62 

100.18 

26,72 

28.31 

6.56 

72 

33.06 

71.87 

104.93 

27.25 

24.00 

6.09 

L.S.D. at 

5 per cent 



24,66 

2.88 

0.74 

1.37 

L.S.D. at 







1 per cent 

— 

— 

32.80 

3.83 

8.96 

1.82 

F 

— 

— 

2.23 

0.20** 

10.36** 

4.61** 


less at the high temperatures. In the first soil temperature experiment 
this was generally true for the same temperature range. In the first 
experiment, however, the lowest temperature was 52 degrees F in 
which temperature the dry weight of roots was less than at 62 degrees 
F. 

In the second soil temperature experiment both the dry weight of 
tops and the increase in stem length were greater at 64 degrees F than 
at either higher or lower temperatures. This agreed quite well with 
the results of the first experiment which indicated that the optimum 
soil temperature for production of top growth of the plant was between 
62 and 67 degrees F. 

Results of Chemical Analyses 

The roots and tops of three representative plants from each plot of 
the first experiment on soil temperature were analyzed individually 
for various nitrogen and carbohydrate fractions. Table II shows the 
results of these analyses. Each value shown is the average of the three 
plants analyzed. 

The percentages of carbohydrate fractions in the tops did not show 


TABLE II— Analysis of Plants Which Grew in wSoil With Controlled 
Root Temperatures 


Root 

Tempera- 

ture 

(Degrees F) 

Per Cent 
Glucose 

Per Cent 
Sucrose 

Per Cent 
Starch 

Per Cent 
Protein 

Per Cent 
Soluble 
N 

Per Cent 
Nitrate 
N 

Per Cent 
Ammo- 
nia N 

Per 

Cent 

Amide 

N 

Per 

Cent 

Amino 

N 




Analysis of Roots 





52 

2*73 

L36 

24.07 

13.61 

0.669 

0.482 

0.079 

0,106 

0.349 

57 

1.84 

1.19 

21.83 

12.66 

0.730 

0,389 

0.061 

0.110 

0.327 

62 

2.23 

1.29 

23.87 

11.34 

0.600 

0.246 

0.068 

0.016 

0.187 

67 

2.21 

2.00 

25.33 

9.42 

0.505 

0.207 

0.076 

0.009 

0.206 

72 

1.88 

1.70 

25.77 

8.95 

0.503 

0.181 

0.043 

0.016 

0.182 




Analysis of Tops 





52 

1.76 

2,77 

22.27 

17.22 

0.368 

1 




57 

2.06 

2.71 

20.81 

17.11 

0.349 

(Results of chemical analyses 

62 

2.04 

2.28 

22.14 

16.03 

0.244 

calculated on 

moisture free 

67 

2,11 

1.98 

21.08 

15.60 

0.239 

basis) 



72 

2.61 

2.55 

20,81 

16.8» 

0.270 
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any correlation with the temperature. In the roots the same was true 
except that starch was lowest at 57 degrees F and greater amounts 
were present up to 72 degrees F. 

The nitrogen fractions showed a definite correlation with the tem- 
perature treatment in both roots and tops. The concentrations of pro- 
tein and soluble nitrogen were lower at the higher root temperatures in 
both the roots and the tops. There was less nitrate, amide, and amino 
nitrogen in the roots at the higher root temperatures. The percentage 
of ammonia remained fairly constant throughout the different treat- 
ments. 

Nightingale (7) reported that temperature did not affect the ability 
of peach and apple roots to absorb nitrate but did affect their ability to 
reduce and assimilate it. Batjer ef at (1, 2) found that nitrate and 
ammonium were absorbed and changed to organic form in apple roots 
at low temperatures and the translocation to the tops was greatly 
reduced if the tops were dormant. There was, however, a delayed 
movement of nitrogen to the tops which, once started, occurred in 
very large amounts at a root temperature of 42 and 45 degrees F. They 
state: “It is possible, however, that the reduced water supply (due 
to low root temperature) was responsible for the reduced growth 
rate ” Kramer (5, 6) concluded that the principal cause of de- 

creased water absorption of roots at a low temperature was probably 
due to the effects of decreased permeability of root membranes and 
the increased viscosity of water. 

The greater concentration of protein and soluble nitrogen in both 
the tops and the roots of the rose plants with their roots in the lower 
temperatures suggests that the decrease in growth was not due to 
reduced nitrogen absorption, translocation, or assimilation, but rather 
that some other factor limited the growth of the plants resulting in an 
accumulation of nitrogen in the roots and tops. The chemical analyses 
for carbohydrate components did not indicate that these could have 
been limiting. The fact that the roots were more succulent at the lower 
temperatures does not preclude, however, that a reduced rate of trans- 
location of water to the tops could not have been the limiting factor in 
the growth of the tops. A possible explanation for the reduction of top 
growth and particularly of root growth at the highest soil temperatures 
used could not be made on the basis of the data obtained. 

Anatomical Observations 

The differences in the appearance of roots from the first experiment 
have already been reported (9). Roots which grew at a temperature 
of 62 degrees F were similar in their internal structure to roots which 
grew in moist soil, as described in a previous paper (10). The follow- 
ing characteristics were observed in roots which grew at 52 degrees F : 

L The diameter of young roots averaged 1.5 mm and was greater 
than in any other treatment (Fig. 1). 

2. There was a tendency for pentarch arrangement of the primary 
xylem. The cortex was thicker because of a greater number of 
parenchyma cells which were also larger in size (Fig. 1). 
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3. The endodermis showed only slight thickening of the walls and 
had little or no accumulation of tannins at the time of first xylem 
lignification. 

4. Periderm formed at a much greater distance from the tip but 
was similar to that usually found. 

5. Phloem fibers were either not present or were very few in num- 
ber in the older roots. 

The following characteristics were observed in the structure of roots 
which grew in soil at 72 degrees F. 

1. The diameter of young roots was less, averaging 0.65 mm (Fig. 
!)• 

2. Root hairs were few or absent (Fig. 1). 

3. The endodernial cells were filled with tannins by the time the 
first secondary tissues were evident. 

4. Many phloem fibers were present in the older roots. 






■; 





Fig. 1. Transverse sections of young roots which grew at different tempera- 
tures ; both at same magnification. Left : root which grew at 72 degrees F 
(0.73 mm diameter). Right: root which grew at 52 degrees F (1.69 mm 
diameter). 

Summary 

1. An experiment in which the root temperature was varied at 4 
degree intervals from S6 to 72 degrees F gave results similar to a 
previous experiment so that the following general conclusions were 
made where the tops of the plants were growing at temperatures of 60 
degrees F at night and 65 to 70 degrees F during the day : 
a. The optimum root temperature of those temperatures used for the 
growth of tops was approxit^tely 64 degrees F. 
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b. There was a progressive decrease in the amount of roots pro- 
duced per plant as the temperature increased from 56 to 72 de- 
grees F. 

2. Soil temperatures influenced the diameter of young roots, num- 
ber of primary xylem points, amount of accumulation of tannins in the 
endodermis, number of phloem fibers, and the number of root hairs. 

3. There were no great differences in the carbohydrate fractions but 
there were greater concentrations of the different nitrogen fractions 
in the roots which grew at lower temperatures. 
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Response of Cuttings of Taxus Cuspidata to 
Treatments Containing Powdered Growth 
Regulator and Fermate 

By William E. Snyder, Cornell University, Ithaca, N, V. 

A STIMULATING effect of fermate used alone and in combination witli 
various kinds of powdered growth regulators on the rooting of 
cuttings has been reported. White (6) has reported a greater per cent 
rooting of geranium cuttings, as well as more and longer roots, fol 
lowing treatment with fermate alone or with fermate in combination 
with various powdered growth regulators. Swartley (4) has reported 
an increased per cent rooting with Viburnum carlesi, V. macrocepha- 
lum sterile, V, burkwoodi, Kolkzvitzia amabilis, and Pieris japonica 
when treated with a Hormodin 2-Fermate mixture in the proportions 
of 5 :1. However, both treated and untreated cuttings of V. tomentosiim, 
V. opiilus, Rhododendron obtusum var. amoenum, and Pyracuntha sp, 
rooted quickly and in high percentages. Snyder (3) has reported a 
beneficial effect of fermate-powdered growth regulator mixtures on 
rooting of cuttings of V* tomentosum propagated under certain con- 
ditions. 

In connection with a demonstration of rooting cuttings of Taxus 
cuspidata, it was observed that relatively large quantities of fermate 
mixed with powdered growth regulators resulted in an inhibition of the 
rooting response as indicated after 80 days in the propagated bencli. 
The following experiment was conducted to verify this observation. 

Materials and Methods 

Cuttings of Taxus cuspidata were made in August 1948 from growth 
of the current season. The cuttings were approximately 7 inches in 
length and the needles were removed from the basal 3 inches. The basal 
ends of the cuttings were moistened, shaken to remove excess water, 
and clipped in the powdered material. After being tapped slightly to 
remove the excess powder, the cuttings were stuck in a coarse grade 
quartz sand. Nine lots of 20 cuttings each were made for each of the 
18 treatments. Three replicates of each treatment were examined at tlie 
end of 30 days and the cuttings were replaced in the media to be ex- 
amined at the end of 120 days. Of the remaining six lots, three were 
examined after 60 days and three after 90 days. Replicates and treat- 
ments were randomized in the propagating bench. 

The media was watered over-head as required and the cuttings were 
shaded with several layers of cheese-cloth. The few cuttings which 
showed evidence of rot or which died were distributed uniformly 
throughout the various experimental groups. 

Fermate (ferric dimethyldithiocarbamate) was mixed with two com- 
mercial powdered growth regulators^ — ^Hormodin 2 and Formula 66. 
The combinations were by weight and are listed in Table 1. 

A cutting was considered to be rooted if one or more roots were 
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TABLE I — Per Cent of Living Cuttings of Taxtis ciispidata with Basal 
Callus Following Treatment With Commercial Powdered Growth 
Regulators and Fermate Used Alone and in Combination (Mixtures 
Made on Weight Basis, Data Based on Three Replicates of Twenty 
Cuttings Each) 


Commercial Growth 
Regulator 



R 

atio of < 

Commercial Powder to Fermate 

0 

100 

99 

95 

90 

75 

50 

25 

0 

0 

0 

1 

5 

10 

25 

50 

75 

100 


30 Days 


Hormodin 2 1 GO I 30 I 40 t 33 f 28 I 30 I 5 | 15 I 10 I 28 

Formula 60 50 12 21 16 5 10 8 15 0 15 

Mean 1 55 1 21 | 30 1 24 1 16 I 20 1 6 1 15 1 5 I 21 

6o Days 

Hormodin 2 f 98 I 88 I 95 | 84 ! 76 I 74 I 75 I 78 I 46 I 79 

Formula 66 85 75 75 77 78 45 48 68 50 67 

Mean I 92 1 81 1 85 I 80 1 77 1 60 1 62 1 73 ] 48 1 73 

go Days 

Hormodin 2 | 98 I 100 I 100 1 100 I 100 I 95 I 95 I 100 I 76 [ 96 

Formula 66 100 100 100 95 100 80 72 70 82 89 

Mean 1 99 1 100 1 100 1 98 1 100 I 88 I 84 1 85 1 79 ) 93 


120 Days 


Hormodin 2. . . . 

.... 100 

100 

100 

100 

100 

90 

100 

100 

98 

99 

Formula 66 

. . . . 100 

100 

100 

100 

100 

100 

94 

100 

94 

99 

Mean 

.... 100 

100 

100 

100 

100 

95 

97 

100 

96 

99 


present regardless of length. The root-rating was determined by scoring 
the rooted cuttings as follows : 

Descriptive Term Number of Roots per 

Cutting 

Light 1 to 5 

Medium 6 to 14 

Heavy 15 or more 

When warranted, consideration was also given to length of roots. An 
arbitrary value was given to each of the ratings — light, 1 ; medium, 2 ; 
and heavy, 3 — and the average root-rating determined. 


Results 

Basal Callus Formation : — Since all rooted cuttings examined had 
also formed basal callus, it was possible to measure the effect of treat- 
ment and of time in the propagation medium on this response (Table 
I ) . At the end of 30 days, the untreated controls had the highest per 
cent basal callus formation. More cuttings treated with the Hormodin 
2“Series were callused than those treated with the Formula 66-series. 
In the Hormodin 2-series, the nunaber callusedi decreased with in- 
creased quantities of fermate in the mixture, especially with 50 per cent 
or more fermate. Cuttings treated with fermate alone showed signifi- 
cantly reduced callusing compared with both the untreated controls and 
with the combinations containing large quantities of the growth regu- 
lators. The differences noted above were significant at the 1 per cent 
level. 
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After 60 and 90 days in the bench, only the 100 per cent fermalc 
showed a significant reduction in the percentage of cuttings with basal 
callus. All indications of the inhibitory effect of fermate on basal callus 
formation had disappeared by 120 days. Differences between the two 
commercial powdered growth regulators were considerably reduced 
at the 60-day period and were not significant at the 90- and 120-day 
periods. 

Rooting Response : — The results (Table II) show that no cuttings 
were rooted at the end of 30 days. At the 60-day period, the untreated 
controls and all treatments containing the commercial powdered growth 
regulators included some cuttings which had rooted. No cuttings treat- 
ed with fermate alone possessed roots. Although analysis of the data 
showed no significant differences between treatments nor between the 
commercial growth regulators used, the indications of an inhibitory 
effect of fermate, as well as a slower response to one of the commercial 
powders, are substantiated by the results noted at later examination 
periods. 

A significant difference (5 per cent) of the average number of cut- 
tings rooted was obtained between the two commercial growth regu- 
lators at the 90-day period. However, there were no significant differ- 
ences noted at the 120-day period. 

The average number of cuttings with roots for the treatments in- 
cluding 25 to 75 per cent fermate were significantly reduced compared 
with the 100 per cent growth regulator treatment at the 90-day period, 
but after 120 days only those treatments containing SO and 75 per cent 


TABLE II — ^Average Number of Cuttings of Taxus cuspidata Rooted 
Following Treatment With Commercial Powdered Growth Regu- 
lators AND Fermate Used Alone and in Combination (Mixtures 
Made on Weight Basis, Data Based on Three Replicates of Twenty 
Cuttings Each) 


Commercial 

Growth. 

Regulator 


Ratio oi 

Commerc 

ial Powder to 

Perm 

ate 

0 

0 

100 

0 

99 

1 

95 

5 

90 

10 

75 

26 

50 

60 

25 

76 

0 

100 


Least Significant Difference 
1 Per Cent 5 Per Cent 


30 Days 


Hormodin 2 . . 1 
Formula 66 . . 1 

00 

01 

00 

ol 

00 

8 ( 81 81 
60 Days 

00 

CO 

Not significant 

Hormodin 2 . . | 

2.01 

2.0( 

3.51 

3.51 

2. Of 

4.01 

0.51 

2.51 

Of 

2.3| 


Pormual 66 . . 

0,6 

2.0 

1.5 

1.0 

3.0 

2.0 

1.6 

2.0 

0 

2.1 

Not significant 

Mean 1 

: 1.21 

2.01 

2.6l 

2 . 2 I 

2 . 5 I 

3.01 l.Oj 2.21 

Qo Days 

Of 

2.21 

Hormodin 2.. 

9.0 

16.0 

12.6 

13.5 

16.5 

12.5 

12.0 

9.5 

6.5 

11.9 

Between commercial growth 
regulators 

Formula 66 . . 

8.5 

12.5 

11.5 

13,0 

11.0 

7.0 

5.5 

7.0 

7.5 

9.3 

3.04 2.24 

Between treatments 

Mean 

8.8 

14.2 

12.0 

13.2 

13.2 

9.8 

12 

8.7 

0 Da: 

8.2 

)>s 

7.0 

10.6 

6.46 4.78 

Hormodin 2.. 

IS. 6 

17.0 

16.0 

14.5 

18.5 

16.0 

17.6 

16.5 

10.5 

16.8 

Between commercial growth 
regulators 

Not significant 

Formula 66 . . j 

14.6 

17.6 

18.0 

16.0 

18.6 

14.0 

11.0 

12.0 

10.0 

14.6 

Mean j 

15.0 

17.2 

17.0 

15. 2 j 

18.6 

15.0 

14.2 

14.2 

10.2 

15,2 

Between treatments 

3.20 2,37 
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fermate continued to show a reduction in rooting. At both periods these 
treatments were comparable to the untreated controls. The inhibitory 
cfiEect of 100 per cent fermate on rooting indicated at 60 and 90 days 
was significant at the 120-day period (1 per cent). 

All unrooted cuttings from the 90-day and 120-day treatments were 
restuck in the propagating medium and after 200 days the average 
number of cuttings with roots was essentially the same for all treat- 
ments (varying from 17.5 to 18.8). 

Discussion 

The results of this experiment show that treatment of the base of 
cuttings of Taxus cuspidata with fermate used without a wetting agent 
may inhibit the formation of basal callus and roots. The significant re- 
duction in the number of cuttings callused at 60 and 90 days and the 
number rooted at 120 days after treatment with fermate compared with 
the untreated controls indicate that in some manner fermate prevents 
the functioning of naturally occurring auxins. This inhibitory effect 
disappears with time since there was no significant difference fctween 
the various treatments in the total number of cuttings callused after 120 
days and rooted after 200 days. 

Although the mechanism of this inhibitory effect is not indicated, it 
is possible that the effect may be similar to that of 2,3,S-triiodobenzoic 
acid on rooting as reported by Snyder (2). On the basis of this ex- 
planation, it is suggested that a competitive action may exist between 
molecules of fermate and growth regulator for position on the sub- 
strate. Thus, if fermate is not directly effective in stimulating callusing 
and rooting, occupancy of a relatively large number of positions on the 
substrate by fermate would reduce the spaces available for auxin to a 
level below the optimum for rooting. If the growth regulator is avail- 
able near the lower level of the optimum range, occupation of substrate 
positions by a relatively large number of fermate molecules could re- 
sult in a reduced callus or rooting response. Conversely, if the growth 
regulator is above the optimum for rooting, a reduction of growth- 
regulator-substrate union would be expected either to increase the re- 
sponses or to have no effect depending upon the level of available 
growth regulator and the degree of fermate-substrate union. 

It has been shown that small quantities of 2,3,5-triodobenzoic acid 
will increase the effectiveness of ^owth regulators (1,2,5). If the 
mechanism of action of fermate is similar, then use of small quantities 
might similarity increase the effectiveness of powdered growth regu- 
lator. Thus if the available growth regulator is below or above the 
optimum range, use of fermate could result in increased callus or root- 
ing response. Considering the conditions discussed above, it is rel- 
atively easy to account for the reported stimulation, inhibition, and 
lack of effect of fermate on the rooting of cuttings. 

The results reported in Tables I and II show the value of ^moving 
cuttings at various intervals rather than the established practice of ex- 
amining the material at a single period, such as when the untreated 
controls or a given treatment shows ‘‘good’* rooting. It is suggested 
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that if the cuttings arc examined at several periods, a clearer and more 
accurate measure would be obtained of the effect of the various factors 
which effect the rooting response. 

Summary 

1. The effect of two commercial powdered growth regulators and 
fermate used alone and in combination on the formation of basal callus 
and rooting of cuttings of Taxus cuspidafa was determined 30, 60, 90, 
120, and 200 days following treatment. 

2. A comparison of the untreated controls with treatments including 
growth regulators and fermate used alone and in combination showed 
an inhibition of callus formation resulting from the powdered material. 
Mixtures containing large quantities of fermate and fermate alone pro- 
duced a more pronounced and prolonged inhibition. All inhibitory ef- 
fects had disappeared 120 days following treatment. 

3. In the number of cuttings rooted significant differences between 
the untreated controls and treatments containing 90 per cent or more 
growth regulator were noted after 90 days. Only those cuttings treated 
with a powdered mixture consisting of 90 per cent growth regulator- 10 
per cent fermate showed significant increase in rooting at the 120-day 
period. A marked inhibitory effect of fermate used alone was noted at 
the 120-day period, but had disappeared 200 days following treatment. 

4. Differences between the stimulating effect of the two commercial 
powdered growth regulators were noted at 30, 60, and 90 days, but had 
disappeared by 120 days. 

5. It is suggested that fermate may act as an anti-auxenic material. 

6. The value of removing cuttings at various periods following treat- 
ment is advisable in order to obtain a true measure of the effects of a 
given treatment. 

7. It is recommended that propagators ascertain the response of a 
given plant before treating cuttings with fermate used as a dry powder. 
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Shredded Sphagnum Moss as a Growing Medium for 
Newly-Propagated American Holly^ 

By F. L. O’Rourke, Michigan State College, East Lansing, Mich. 

T pie numerous selections of outstanding clones of American holly 
(Ilex opaca Alton) which have been made in recent years have 
stimulated interest in the vegetative propagation of this species. A 
majority of nurserymen and propagators favor reproduction by means 
of cuttings, although some resort to grafting on seedling understocks. 
It is known that plants which have been produced by grafting will 
ordinarily make much greater growth during the first year than those 
produced froin cuttings and thus be more quickly available for field 
planting. Grafting, however, is a tedious process and is dependent upon 
the production of understocks from seed, which in turn requires space 
and labor throughout a relatively long period. A method to stimulate 
growth in plants rooted from cuttings during their first year should 
have practical application and largely eliminate the need for grafting. 

Gardner (1) and Zimmerman and Hitchcock (4) showed that root- 
ing and survival witli cuttings of American holly was related to the sea- 
son of collection of the wood from which the cuttings were made. Fall 
and early winter collections resulted in a high degree of survival and 
there was a steadily decreasing trend as collections proceeded through- 
out the. winter. Trees growing under favorable site conditions, however, 
as when protected from drying winds and deep freezing of the soil, may 
retain the vitality of their cutting material to a greater degree than those 
in more exposed locations. 


Experimental 

Cuttings used in these experiments were collected during the two 
successive years of 1944 and 1945 on the same date, February 17, from 
two clonal varieties, Howard and Tabor No. 3, growing in the Tidal 
Basin area of Washington, D. C., adjacent to the Potomac River. The 
cuttings were made in the usual way from one-year wood only, 3 to 6 
inches long, treated with indole butyric acid in talc, and rooted with 
70 degrees F bottom heat in a lean-to greenhouse containing a centrif- 
ugal humidifier as described by Stoutemyer and O'Rourke (2). 

The cuttings remained in the sand bench from February 17 to April 
26 during each of the successive years, and then the rooted cuttings of 
both varieties were divided into two apparently uniform lots and potted 
respectively in shredded sphagnum moss and in a specially prepared 
soil mixture. 

The shredded sphagnum moss was prepared by passing dry moss 
from commercial bales through a hammer mill with a 1-inch screen as 
reported by Stoutemyer, Close, and Reid (3). The soil mixture con- 

^This report is the result of investigations carried out by the writer while em- 
ployed in the Hillculture Section, Office of Research, U.S. Soil Conservation 
Service, at Glenn Dale, Md. The author wishes to express his appreciation to Dr. 
Henry Hopp for his kindly direction and assistance with the statistical design 
and analyris. 
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sisted of two parts of well-composted loam, one part leaf mold, and one 
part sand. Each cutting was potted separately in a 3-inch pot, which was 
given an accession number and plunged in randomized positions in 
peat moss on the bench of a cool pit greenhouse. 

In 1944 the pots were sprinkled at 2-week intervals from the first of 
June to the last of August with a nutrient solution made by dissolving 
a tablespoonful of a soluble 12-12-6 fertilizer in a gallon of water. In 
1 945, feeding with this nutrient solution was started as soon as the new 
growth appeared shortly after potting. The 12-12-6 fertilizer was sup- 
plemented by an additional tablespoonful of ammonium sulphate per 
gallon and the frequency of application was increased to weekly inter- 
vals. Three times during the period of most active growth an additional 
supply of nitrogen was furnished the plants by applying a solution of 
3 tablespoonfuls of ammonium sulphate per gallon of water in addition 
to the regular weekly feedings. The solution was applied in a sprinkling 
can equally over all the pots and the plunging medium so that each pot 
received approximately the same quantity of nutrients. The foliage was 
washed with clean water after each application. 

The position of each pot was changed three times during each season 
in order to equalize site influence. The new place was determined purely 
by chance within the variety block. 

The nutrient solution and frequent watering were discontinued in 
September of both years, as in practically all cases the terminal bud had 
been formed and the tissues were allowed to mature for the winter. In 
early October all the linear growth produced by the main shoot and 
side branches for the current year was measured to the nearest 
centimeter. 

Results 

The results of these experiments are shown in Table I. During both 
years the more vigorous clone, Taber No. 3, outgrew the variety How- 
ard in both soil and in sphagnum moss, and in both years sphagnum 


TABLE I— Mean Linear Growth (Centimeters) Produced Per Plant 
OF Rooted Cuttings of Two Varieties of American Holly During 
THE First Season After Potting 


1 

Potted in i 

1 

1 

/'A - 

Potted 

in Soil 

Difference 

(Cm) 

Variety 

No. 

Pots 

Mean 

Growth 

(Cm) 

No. 

Pots 

Mean 

Growth 

(Cm) 


Howard 

Taber No. S. 


Howard, . . . 
Taber No. 3. 


IQ 44 


48 

1 16.68 1 

49 

1 12.20 1 

4.48 

33 

1 18.00 1 

rQ 4 S 

34 

1 17.32 1 

0.68 

21 

1 26.14 1 

18 

1 17.28 1 

7.86 

37 

1 26.89 1 

37 

1 21.60 1 

4.39 


was superior to soil as a growing medium. The greatly increased 
growth of both varieties in 1945 over 1944 may be attributed to the 
more highly concentrated nutrient solution and the greater frequency 
of application. The significance of the nutrient factor is clearly shown 
by the analysis of variance reported in Table II. The difference between 
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Source of Variation 

Degrees of 
Freedom 

Mean 

Square 

Media 

1 

37.84** 

Varieties 

1 

16.30* 

Years .... . . , 

1 

82.04** 

Interaction — Media Xvarieties , , 

1 

6.62 

Media Xyears .... ... 

1 

6.26 

Varieties Xyears 

1 

.26 

Media Xvarieties Xyears 

1 

.01 

Remainder (error) . 

269 

3.42 


♦Significant at the 5 per cent level. 
♦♦Significant at the 1 per cent level. 


the potting media is also shown to be highly significant in favor of the 
sphagnum moss. It is not known whether this superiority may be due 
to greater aeration with an abundant supply of oxygen available to the 
roots, to the ability of the sphagnum to absorb ammonium and mineral 
salts, or to its greater water-holding capacity. In all likelihood a com- 
plex of such factors operates to encourage maximum absorption of 
nutrients which, in turn, promotes growth. 

A minor experiment with two other species of holly, Ilex corntifa, 
the Chinese holly, and Ilex glabra, the native gallberry, showed ap- 
proximately the same growth differences in favor of the shredded 
sphagnum moss. This medium should prove of practical value to propa- 
gators to hasten growth during the first season in conjunction with ap- 
plications of high-nitrogen fertilizer. 
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The Influence of a Plastic Resin in Increasing Survival 
with Summer-Transplanted Evergreens Under 
Severe Conditions^ 

By J. B. Gartner, F. L. O'Rourke, and C. L. Hamner, Michigan 
State College, East Lansing, Mich. 

O NE OF THE most pressing problems affecting the nursery and land- 
scape industry is the short season during which ornamental woody 
plant materials may be transplanted with safety. In view of the acute 
shortage and high cost of skilled labor, together with the increased de- 
mand for ornamental plantings, any material or technique which will 
extend the planting season should be of great value to landscape 
nurserymen. 

It has been shown by Miller, Neilson and Bandenier (2) that, an 
application of certain wax emulsions will reduce transpiration and aid 
in the survival of summer transplanted nursery stock. 

Hamner, Gartner and O’Rourke (1) have reported the use of a 
vinyl resin latex in preventing water loss and retaining leaves of cut 
sprays of spruce, pine and other evergreens. Studies to determine the 
effectiveness of this substance as a transplanting agent were started 
during the late spring and early summer of 1948 on the horticultural 
farm of Michigan State College and at a number of nurseries within 
the State of Michigan, 

The vinyl resin latex^ consists of particles about .2 micron in diameter 
suspended in water. The suspension is usually prepared by the manu- 
facturer in a concentration consisting of approximately 51 per cent 
solids. By diluting this stock preparation with four parts of water, a 
suspension containing approximately 10 per cent solids is obtained. A 
small amount of wetting agent, approximately .1 per cent of sodium 
lauryl sulfate, was usually added to the 10 per cent suspension. 

Plants were sprayed thoroughly with an ordinary garden type spray- 
er to the point of incipient run-off. They were allowed to dry, a matter 
of IS to 20 minutes, and were then dug and set in a new location. The 
vinyl resin emulsion has a milky color while in suspension, but when 
dry it is entirely transparent, and except for a slight sheen, the ap- 
pearance of the foliage is normal. 

The experiments at the college farm consisted of transplanting 4- to 
6-foot white spruce (Picea alba) on June 25 to a cultivated field which 
was very low in soil moisture. These trees were in very active con- 
dition of growth at the time of digging. The new shoots were quite 
soft and tender, and wilted rapidly after the trees were dug. The wilt- 
ing, however, was much more pronounced with the shoots on the un- 
treated trees. The trees were dug bare-rooted with quite scanty roots. 

^Authorized for publication as Paper No. 1083 in the Journal Series of the 
Michigan Agricultural Experiment Station. 

^This vinyl resin latex formerly was known as Geon 31X and now is called 
V.L. 600. All material for this experiment was furnished by the B. F. Goodrich 
Chemical Company of Cleveland, Ohio. 
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When ti-ansplanted, the treated spruce were set alternately in the row 
with untreated control trees. 

^ Table I shows the result of this experiment as expressed by the con- 
dition of the trees at periodic observation periods during the summer. 
It is evident that while both sprayed and unsprayed trees declined in 
vigor from the time of transplanting, the majority of the treated trees 
were always in better condition than an equal number of controls, and 
at the end of the summer surpassed the controls in both per cent sur- 
vival and in general condition. 


TABLE I — Per Cent Survival and Subsequent Condition of White 
Spruce {Picea alba ) Transplanted June 6 After Spraying With Vinyl 
Resin Latex 


Treatment 

Good 

(Per Cent) 

Pair 

(Per Cent) 

Poor 

(Per Cent) 

Alive 
(Per Cent) 


June 14 



Check 

1 43 1 

1 43 1 

1 14 

1 100 

Treated 

1 34 I 

1 14 1 

1 0 

1 100 


June 2 $ 



Check 

1 14 

1 43 

1 43 

1 100 

Treated 

1 64 

1 28 

1 7 

1 100 


July 12 



Check 

1 14 1 

1 28 

1 21 

1 64 

Treated 

1 64 j 

1 36 

1 21 

1 100 


August 2 



Check 

1 14 

1 0 

1 14 

1 28 

Treated 

1 36 

1 28 

1 14 

1 79 


August 2 J 



Check 

\ 14 

1 0 

( 14 

1 28 

Treated 

1 28 

1 14 

1 0 

1 43 


On July 7 this experiment was repeated with slightly larger trees, 
about 7 feet in height. All were dug bare-rooted and transplanted to a 
dry cultivated area. No water was used for either transplanting or sub- 
sequent irrigation. After a lapse of 1 month all untreated trees were 
dead, but 75 per cent of the treated trees were still green. On Sep- 
tember 5, 2 months after planting, 25 per cent of the sprayed trees were 
in good condition and may be expected to survive. 

Tests which were made with balled evergreens in several nurseries 
showed that survival, and particularly condition, was favored by the 
application of a latex spray before transplanting. Among the species 
which responded well to treatment were : Juniperus Virginians ketele^ 


TABLE 11 — Per Cent Survival and Subsequent Condition of Two- 
Year-Old Apple Trees Transplanted June 25 After Spraying With 
Vinyl Resin Latex (Observations Made September 21 ) 


Treatment 

Number 

Plants 

Strong, Vigor- 
ous 

(Per Cent) 

Weak, Defo- 
liated 
(Per Cent) 

Alive 
(Per Cent) 

Check 

172 

66 

16 

81 

Treated i 

250 

80 

11 

91 



510 


AMERICAN SOCIETY FOE HORTICULTURAL SCIENCE 


eri (Keteleeri juniper), Juniperns virginmta canaaii (Canerti juni- 
per), Junipcrus virginiana burJii (Burki juniper), Thuya occidentalis 
(American arliorvitae), Taxiis cuspidata (Japanese yew), Picca pun- 
gcns glauca (Colorado spruce) and Buxus sempervirens (Boxwood). 

This plastic resin may also be useful for treating deciduous trees in 
full leaf prior to transplanting. On June 25 a nursery in southeastern 
Michigan transplanted a number of 2-year-old apple trees which re- 
mained unsold in their heeling-in grounds. The results are shown in 
Table II. The sprayed trees not only showed a much higher per cent 
survival but the use of the latex also increased the number which ex- 
hibited a strong vigorous growing condition 2 months after transplant- 
ing. Not all deciduous trees responded alike to the application of vinyl 
resin. As an illustration, both Bechtel’s flowering crab (Malus ioensis) 
and lilac ( Syringa spp.) showed symptoms of growth cessation accom- 
panied by the abscission of some leaves. The great majority of decidu- 
ous trees and shrubs, however, showed no adverse effects. 

The cessation of growth which normally takes place in all plants as 
a result of transplanting is often prolonged as a result of treating with 
this plastic resin, but the plant usually regains any loss due to delayed 
growth renewal by more vigorous production of new shoots when 
growth finally begins again. It has been noted that when certain plants, 
notably Taxus spp. are sprayed with latex and allowed to remain un- 
disturbed, there is a temporary retardation in growth. 

The results of this season’s investigations are only indicative. Both 
the number of plant species used and the number of individual plants 
per experiment have been small. Further trials are needed to determine 
the response of individual species, the optimum concentration of the 
latex as related to plant species and condition of growth, and the pos- 
sible value of the addition of accessory substances. 

Since this experiment many nurseries throughout the State of 
Michigan have used this material as an aid in transplanting and have 
reported favorable results. 
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A Comparison on Rooting of Cuttings Induced By 
Synthetic Growth Substances^ 

By John P. Mahlstede and F. L. O’Rourke, Michigan State 
College, East Lansing, Mich. 

S YNTHETIC growth substances have been commonly used throughout 
the past decade as an aid to the rooting of cuttings of many plant 
species. Indole butyric and naphthalene acetic acids are generally ac- 
cepted as the most effective of these substances. Many investigators 
have preferred the salts of these compounds over the acids because they 
are more readily soluble in water and have been reported to have a 
slightly greater stimulatory effect (4). 

The present studies were undertaken to determine the relative value 
of the ammonium, potassium, and sodium salts of naphthalene acetic 
acid as well as the efficiency of certain less known compounds, notably 
the triethanolamine and sodium salts of beta-naphthoxy acetic acid. 

All substances were incorporated in talc dust according to the method 
described by Stoutemyer (3). The talc mixtures were uniformly made 
to contain 1 milligram of the growth substances to one gram of talc 
(1 part to 1,000 parts of talc). 

Softwood cuttings of several deciduous shrub species were utilized 
as test subjects. Cuttings were made in the usual way, graded for uni- 
formity, the bases treated by dipping in the talc dust mixtures, and set 
in lots of 20 each in a standard greenhouse cutting bench. Each treat- 
ment was replicated several times and set in a randomized position in 
the bench. All cuttings were made and set on the same day and re- 
moved and examined at the same time. 

When roots were first observed among the untreated cuttings, all 
lots were removed from the bench and the individual cuttings were 
graded into three classes — ^heavy, medium, and light — in respect to the 
mass of roots produced. An index number for each lot was then de- 
termined according to the method of O’Rourke and Maxon (2). The 
number of cuttings in each class was multiplied by the arbitrary values 
of five, three, and one, respectively, for the heavy, medium, and light 
cuttings, and the products added to form the lot index numbers. 

The summation of these index numbers is shown in Table I. Talc 
alone proved to be a root stimulating agent, as has previously been 
shown by Hitchcock and Zimmerman (1). The relative quantitative 
diiferences between the rooting responses produced by the potassium, 
sodium, and ammonium salts of naphthalene acetic acid are negligible, 
and the type of roots produced by these three salts are quite similar, 
consisting of a series of short roots emerging through the side of the 
stem from the base to a point from 1 to 1 inches above the base. The 
type of roots produced by the salts of beta-naphthoxy acetic acid, how- 
ever, tend to be more similar to the normal rooting of the control cut- 
tings and those treated with talc only, in which the roots produced are 

^Journal Article No. 925 (n.s.), Michigan Agricultural Experiment Station. 
Thanks are due to the American Cyanamid Company, New York, New York, 
for supplying the chemicals used in the above-reported experiments. 
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TABLE I — Summation of Index Values of 5,060 Cuttings Representing 
253 Lots of Five Plant Species as Related to Treating the Bases 
WITH THE Salts of Various Growth Substances in a Talc Carrier 


Plant Species 

No. 

Cuttings 

Per 

Treat- 

ment 


Tota 

lind 

2 x Va 

lues 

<is Rc 

lated 

to T 

reatment* 


go 

013 

0 ^ 

HO 

M 



HO 

d 0 

zz 

PQ 

M 

M 

<! 

Zm 

Zf^ 

<! 

0 

W 

pq 

Forsythia intermedia . . . 

40 

128 

165 

169 

162 

168 

151 

156 

147 

158 

151 

143 

Forsythia suspensa 

120 

241 

297 

407 

430 

440 

368 

319 

279 

353 

380 

347 

Ltgustrum amnrense . .. . 

140 

299 

423 

368 

432 

407 

479 

420 

415 

347 

293 

432 

Pachysandra terminalis 

120 

137 

182 

136 

111 

116 

285 

308 

294 

148 

123 

176 

Weigela fioribunda 

40 

40 

53 

116 

93 

95 

121 

137 

103 

46 

46 

58 

Total, all species 

— 

845 

1120 

1196 

1228 

1226 

1404 

1340 

1238 

1052 

993 

1156 


^Abbreviations refer to the following substances: 

KNA Potassium naphthalene acetate KIB Potassium indole butrate 

NaNA Sodium naphthalene acetate NaBOA Sodium benzothiozol 2-oxyacetate 

NH^NA Ammonium naphthalene acetate NH 4 BOA Ammonium benzothiozol 2-oxyacetate 

TNOA Triethanloamine b-naphthoxy acetate BBOA Butyl benzothiozol 2-oxyacetate 

NaNOA Sodium b-naphthoxy acetate 

longer but fewer in number and emerge at or very near the base of the 
cutting. 

From the quantitative standpoint, the influence of the beta-naphthoxy 
acetic salts as compared with those of naphthalene acetic acid varied 
with the plant subject tested. The Forsythia species responded less well, 
but the others responded much better to the effect of the b-naphthoxy 
acetates. 

Potassium indole butyrate, a substance commonly used in practice 
to induce root initiation and growth, was also less effective with the 
Forsythia cuttings than the naphthalene compounds but was as ef- 
fective, or even more so, with the other plant species used. The benzo- 
thiozol compounds were, on the whole, inferior in rooting response to 
the other substances used. 

Triethanolamine b-naphthoxy acetate may have certain advantages 
in stimulating rooting, not only from the quantitative standpoint, but 
also in the more normal type of roots induced on the cutting. 
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Comparative Studies of Ammonium Sulfamate, Borax, 
and 2,4— D for Control of Poison Ivy and Honeysuckle 
in the National Capital Parks, Washington, D, C. 

By Horace V. Wester, Department of the hiterior, 
Washington, D. C. 

P OISON IVY, Rhus radicans L., and honeysuckle, Lonicera japonica 
Thumb., are important plant pests in many parts of the United 
States. Poison ivy is native of the United States and has forms that oc- 
cur practically all over the United States. Honeysuckle is an introduced 
species, having been brought over to this country in 1806 from eastern 
Asia. It is now widespread over many areas of the eastern United 
States. 

Poison ivy is a health hazard to many people who are susceptible to 
a skin irritation condition caused by coming in contact with the plant 
or contaminated material. Urushiol is the poisonous substance pro- 
duced in the sap of poison ivy. The dermatitis is often serious, fre- 
quently requiring medical treatment or even hospitalization. 

Honeysuckle is a pest under some conditions and an asset under 
others. It is a pest mainly in semi-open woods and along margins of 
woodlands where light is sufficient to permit it to make rank growth. 
Under favorable growing conditions it is a vigorous grower and will 
readily overgrow shrubs and small trees within its path, which gradu- 
ally become more or less smothered out. It often makes such a dense 
mat of vines on the ground that it is impossible for tree seedlings even 
to come through the cover. Fences are often overgrown by this pest and 
deteriorate rapidly under the weight of its growth and the poorly venti- 
lated conditions created. Honeysuckle, while fairly tolerant of shade, 
does not have the vigor to climb over and break down shrubs and small 
trees under moderately well-shaded conditions. Under these conditions 
it is not a pest and may then provide an attractive ground cover. It is 
also very useful in holding soil banks in the prevention of soil erosion. 

The purpose of this paper is to report studies conducted by the 
writer on the control of poison ivy and honeysuckle in the National 
Capital Parks in Washin^on, 1944 to 1946. The treatments were ap- 
plied on plots of y 2 square rod or 1,000 square feet under a wide range 
of environmental conditions. 

The chemicals consisted of ammonium sulfamate, borax, 2,4-dichlor- 
ophenoxyacetic acid (2,4— D) the potassium salt of 2,4“D and a water 
soluble 70 per cent 2,4-D preparation, supplied through the courtesy 
of the Dow Chemical Company, as A-510. * 

Martin (1) in 1940 reported ammonium sulfamate applied as a spray 
at dilutions of to 1 pound, and at the rate of 10 pounds for 1,000 
square feet controlled in most cases a variety of weeds including poison 
ivy. Yeager (2) in 1942 reported ammonium sulfamate very effective 
for controlling poison ivy when applied as a spray at the rate of % 
pound for each gallon on 100 square feet. The writer found under large- 
scale treatments in 1944, ammonium sulfamate dissolved at^ or 1 
pound per gallon about equally effective for controlling poison ivy when 
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applied by a high pressure sprayer at about 3 gallons for 1 square rod. 
Stoddard (3) in 1944 reported borax applied broadcast at 10 pounds 
for 1 square rod was more effective in controlling poison ivy than am- 
monium sulfamate dissolved 1 pound for each gallon applied as a spray. 
Hamner and Tukey (4) in 1944 reported in a preliminary test that 
2,4-D showed possibilities for controlling poison ivy, and since then 
this compound or derivatives of it have been widely publicized for con- 
trolling poison ivy and honeysuckle. Crooks (5) in 1945 recommended 
ammonium sulfamate, 2,4-D and borax as among the most effective 
herbicides for the control of poison ivy. 

1944 Tests 

The tests in 1944 involved two series of treatments where ammonium 
sulfamate and borax were applied at different periods of the growing 
season. In one series, ammonium sulfamate applied as a spray was com- 
pared with borax distributed by hand, while in the other series, am- 
monium sulfamate was applied wet and dry. The wet and dry treat- 
ments of ammonium sulfamate were applied at the rate of 1 pounds 
for each square rod, which in the former, was dissolved in 3 gallons of 
water and in the latter mixed in pounds of sand. Borax was ap- 
plied at the rate of 10 pounds for each square rod. The ammonium 
sulfamate borax series comprised seven plots 1 by ^ rod in size, while 
the ammonium sulfamate wet and dry series consisted of five similar 
plots. The plots in both series were separated by 2-foot borders. Each 
series of treatments was conducted at three different locations. In the 
ammonium sulfamate-borax series, treatments were made June 3, July 
22, and September 14. In the ammonium sulfamate wet and dry series, 
treatments were made June 3 and September 14. The spray treatments 
made June 3 were applied by a high pressure power sprayer, while 
those applied July 22 and September 14 were applied by a knapsack 
type of sprayer. Estimates were made on the coverage of poison ivy, 
honeysuckle and other plant growth for each plot before treatment and 
at various times later. The results of the ammonium sulfamate-borax 
series are summarized in Table I, while those of the ammonium sulfa- 
mate wet and dry treatments are summarized in Table 11. A severe 
drought characterized the 1944 growing season. 

Ammonium Sulfamaie (wet) — Borax Series : — Under most con- 
ditions of the tests, ammonium sulfamate and borax were very effective 
and compared favorably in controlling poison ivy. Ammonium sulfa- 
mate was found ineffective under all conditions of the tests in control- 
ling honeysuckle, while^borax usually proved highly effective. 

The foliage of poison ivy was found to react very readily to the spray 
of the ammonium sulfamate, turning black and dying within a week 
after treatment. The foliage of honeysuckle and other broad-leaved 
plants in the plots usually were affected like poison ivy, but occasionally 
the former showed resistance to injury, then usually becoming some- 
what blackened or chlorotic. As poison ivy was destroyed by ammonium 
sulfamate, it was usually replaced by honeysuckle during the remaining 
or following season. 
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TABLE I — Comparative Treatment of Ammonium Sulfamate and 
Borax for Control of Poison Ivy and Honeysuckle 


Plot 

No. 

Treatment 

Per Square Rod 

Date 

Treated 

Plant Cover 
Before Treatment 

Control 

July 12, 1945 

Poison Ivy 
(Per Cent) 

Honeysuckle 
(Per Cent) 

Misc. Plants 
(Per Cent) 

Poison Ivy 
(Per Cent) 

Honeysuckle 
(Per Cent) 

1-1 

Amm. sulfamate, lbs/3 gals water 

Jun 3, 44 

79 

20 

1 

99 

0 

1-2 

Borax 10 lbs 

Jun 3, 44 

82 

15 

3 

98 

98 

1-3 

Amm. sulfamate, 1>^ lbs/3 gals water 

Jul 22. 44 

86 

8 

1 

98 

0 

1-4 

Check 


99 

1 

0 

0 

0 

1-5 

Borax 10 lbs 

Jul 22. 44 

90 

Trace 

3 

44 


1-6 

Amm. sulfamate, IJ^ lbs/3 gals water 

Sep 14, 44 

92 

7 

Trace 

57 

0 

1-7 

Borax, 10 lbs 

Sep 14, 44 

50 

50 

0 

96 

90 

2-1 

Amm. sulfamate, IH lbs/3 gals water 

Jun 3, 44 

50 

40 

3 

98 

0 

2-2 

Borax, 10 lbs 

Jun 3, 44 

30 

65 

2 

99 

99 

2-3 

Amm. sulfamate, IJ^ lbs/3 gals water 

Jul 22, 44 

35 

60 

1 

91 

0 

2-4 

Check .... 


30 ^ 

65 

3 

0 

0 

2-5 

Borax, 10 lbs 

Jul 22. 44 

60 “ 

45 

1 

99 

99 

2-6 

Amm. sulfamate, IJ^ lbs/3 gals water 

Sep 14, 44 

92 

7 

1 

52 

0 

2-7 

Borax, 10 lbs 

Sep 14, 44 

40 

55 

2 

99 

99 

3-1 

Amm. sulfamate, lbs/3 gals water 

Tun 3, 44 

20 

76 

4 

99 

0 

3-2 

Borax, 10 lbs 

Jun 3, 44 

45 

48 

3 

99 

99 

3-3 

Amm. sulfamate, X}4 lbs/3 gals water 

Jul 22, 44 

70 

26 

2 

88 

0 

3-4 

Check 


75 

20 

5 

0 

0 

3-5 

Borax, 10 lbs 

Jul 22, 44 

65 

32 

3 

99 

99 

3-6 

Amm. sulfamate, IJ-^ lbs/3 gals water 

Sep 14, 44 

70 

28 

2 

61 

0 

3-7 

Borax, 10 lbs 

Sep 14, 44 

55 

47 

3 

80 

40 


TABLE II — Comparative Treatments of Ammonium Sulfamate Ap- 
plied Wet (IK Lbs/3 Gals Water) and Dry (IK Lbs/8K Lbs 
Sand) for Control of Poison Ivy and Honeysuckle 


Plot 

No. 

Treatment 

Per Square Rod 

Date 

Treated 

Plant Cover 
Before Treatment 

Control 

Jul 12, 1945 

Poison Ivy 
(Per Cent) 

Honeysuckle 
(Per Cent) 

Misc. Plants 
(Per Cent) 

Poison Ivy 
(Per Cent) 

Honeysuckle 
(Per Cent) 

4-1 

Amm, sulfamate IM 

i lbs/3 gals water 

Jun 3, 44 

34 

65 

1 

97 

0 

4-2 

Amm. sulfamate IjH 

i Xhs/SH lbs sand 

Jun 8, 44 

35 

55 

1 

91 

0 

4-3 

Check 



95 

5 

0 

0 

0 

4-4 

Amm. Sulfamate IjH 

i lbs/3 gals water 

Sep 14, 44 

95 

4 

1 

47 

0 

4-6 

Amm. sulfamate ly 

1 Ibs/SH lbs sand 

Sep 14, 44 

60 

37 

3 

33 

0 

6-1 

Amm. sulfamate ly 

1 lbs/3 gals water 

Jun 3, 44 

80 

16 

5 

95 

0 

6—2 

Amm, sulfamate ly 

i lbs/8H lbs sand 

Jun 3, 44 

82 

13 

5 

99 

0 

5-3 

Check 



92 

7 

1 

0 

0 

5-4 

Amm. sulfamate ly 

fi lbs/3 gals water 

Sep 14. 44 

60 

45 

5 

60 

0 

6-6 

Amm. sulfamate ly 

1 lbs/8H lbs sand 

Sep 14, 44 

65 

40 

5 

36 

0 

6-1 

Amm. sulfamate ly 

1 lbs/3 gals water 

Jun 3, 44 

40 

55 

5 

100 

0 

6-2 

Amm, sulfamate Xy 

5 lbs/8>a lbs sand 

Jun 3, 44 

42 

54 

4 

98 

0 

6-3 

Check 



45 

50 

6 

0 

0 

6-4 

Amm, sulfamate xy 

i lbs/3 gals water 

Sep 14, 44 

42 

56 

2 

6 

0 

e-5 

Amm. sulfanmte xy 

1 lbs/8 ^ lbs sand 

Sep 14. 44 

30 

65 

5 

0 

0 


The borax treatment was much slower in taking effect on poison 
ivy, honeysuckle, and other plants in the plots than the spray treatment 
of ammouium sulfamate, requiring precipitation to wash the chemical 
into the soil for absorption through the roots before becoming effective. 
The borax treatment usually developed symptoms of injury in the 
foliage of poison ivy and honeysuckle about 5 days after the first pene- 
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tratiiig rain, the foliage gradually becoming brown or chlorotic. Usually 
about a week after foliage symptoms first appeared, the earliest af- 
fected leaves began dropping, and about S weeks later practically com- 
plete defoliation had occurred. 

The time of application was found very important for ammonium 
sulfamate in the control of poison ivy, whether applied wet or dry, the 
applications made on September 14 appearing relatively ineffective as 
compared to the earlier treatments. In the wet treatment, applications 
made on June 3 and July 22 pi;'ovided 88 to 99 per cent control, where- 
as treatments applied September 14 provided only 52 to 61 per cent 
control. In the dry treatment, applications made June 3 provided 91 
to 99 per cent control, while applications made on September 14 pro- 
vided only 0 to 36 per cent control. 

The time of application did not appear important in the borax treat- 
ments for the conti'ol of poison ivy or honeysuckle, the treatments ap- 
plied at different times comparing very favorably. Borax-treated plots 
provided 80 to 99 per cent contx“ol of poison ivy with the exception of 
plot 1-5, where only 57 per cent control was noted, and 90 to 99 per 
cent control of honeysuckle with the exception of plot 1-5, which 
showed only 40 per cent control. 

The poor control of poison ivy and honeysuckle by borax in plot 
1-5 can hardly be related to weather conditions or time of treatment as 
plots 2-5 and 3-5 treated similarly with borax at the same time pro- 
vided 99 per cent control for both plant pests. An investigation of the 
soil reaction in plots 1-2, 1-5, and 1-7 showed 1-5 to have pH 7.6, 
while plots 1-2, and 1-7 to have pH reactions of approximately 7.1, the 
difference hardly appearing significant. Karrer (6) found borax more 
toxic to barley, oats, and sargo plants in acid than alkaline soil. It also 
appeared possible that a large poison ivy vine having a 2-inch stem 
near the base, which grew about 40 feet up an American elm in plot 
1-5 was a factor in the results. This vine made it possible for plot 1-5 
to produce much more poison ivy gi'owth than the other plots, having 
only the sucker type of ground cover growth. The greater amount of 
poison ivy growth in plot 1-S possibly provided for less al)SOrption of 
borax on a plant material basis and consequently less injury resulted. 

Ammonium sulfamate and borax applied dry were found about as 
effective on steep slopes as on comparatively level ground. These re- 
sults appeared surprising as it would seem that loss of material from 
surface run-off on steep slopes would be so great as to greatly reduce 
the effectiveness of these treatments. 

Trees in the borax-treated plots often showed symptoms of borax 
injury during the season of treatment and in progressively less amounts 
for 1 or 2 years later. Trees under 20 feet in height appeared more 
susceptible to borax injury than large trees. One black oak, Quercus 
velutina L., 15 feet in height, and two blue beeches, Carpinus Carolina 
Walt., 5 to 7 feet in height proved particularly susceptible to borax in- 
jury, which caused general discoloration of the foliage, 10 to SO per cent 
defoliation in addition to a moderate amount of twig die-back, during 
the season of treatment. Three American elms, Ulmus americana L., 
10 to 45 feet in height, however, were not affected by borax in two 
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borax-ti'eated plots. Zentmyer, et al (7) reported in one experiment 
where borax was applied at the rate of and pound to the root 
zone of American elm trees, 8 to 10 feet in height, no injury resulted, 
whereas in another experiment where 125 grams of borax were ap- 
plied to the root zone of American elms 4 to 6 feet in height, very 
severe injury resulted. 

The dry season probably was an important factor in the effect of 
borax on poison ivy and honeysuckle. Skinner (8) found borax was 
more injurious to crops when followed by light rainfalls. Heavy rains 
leached more of the borax into the soil mass, thereby lowering its con- 
centration and enabling the plants to escape injury. 

Ammonium Suljaniafe — Wet and Dry Series : — Poison ivy was very 
effectively controlled by either the wet or dry treatments of ammonium 
sulfamate applied June 3, while similar treatments applied September 
14 proved relatively ineffective. The wet and dry treatments applied 
June 3 resulted in, respectively, 95 to 100 per cent and 91 to 99 per 
cent control of poison ivy, while the treatments applied September 14 
resulted in 5 to 60 per cent control. About a year after either wet or 
dry treatment of ammonium sulfamate, there was no longer any evi- 
dence of control of honeysuckle. 

The wet treatment of ammonium sulfamate was relatively fast in 
taking effect on poison ivy and honeysuckle foliage as compared to the 
dry. The effect of the ammonium sulfamate wet treatment on the foliage 
of poison ivy and honeysuckle was the same as described in the former 
series. In the dry treatment, ammonium sulfamate caused the foliage 
of poison ivy to curl up slowly, turn brown and drop, complete de- 
foliation usually occurring within 6 weeks after treatment. The foliage 
of honeysuckle was hardly affected by the dry treatment except for a 
minor amount of local leaf burning, where apparently the salt had 
stuck to the leaves when the treatment was applied. 

Relatively little of the dry ammonium sulfamate treatment was 
noticed actually to have adhered to the poison ivy foliage at the time of 
treatment, which would indicate the effectiveness of the treatment was 
probably more dependent on its effect from absorption through the 
roots than through the foliage. There was no indication that dry am- 
monium sulfamate treatment injured any vegetation other than poison 
ivy. The dry ammonium sulfamate treatment appeared non-injurious 
to trees 4 to 6 feet tall of Prumis serotina Ehrh., and QuerciM palustris 
Muenchh, as well as practically non-injurious to trees of similar size 
of Sassafras alUdum (Nutt) Nees., except for a negligible amount of 
local leaf burning where apparently the salted sand had adhered to 
their foliage. 

The 1945 tests comprised mostly 2,4-D treatments applied under 
various conditions as sprays in two series of plots, designated as 7 and 
8 at different locations. Ammonium sulfamate applied wet, and borax, 
dry as usual, were included in the tests of series 8. The plots in each 
series were numbered in consecutive order. Plots of series 7 were on 
sandy bottomland, moderately well-shaded by trees, while ^ plots of 
series 8 were on clay loam soil under deep forest shade conditions* 
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In series 7, treatments of 2,4~D were applied at concentrations of .1 
and .2 per cents on June 3, July 26 and September 13, in addition to .4 
per cent for the first two dates. Series 8 received the same 2,4-D treat- 
ments as series 4, with the following exceptions : In addition to treating 
plots with single applications of .1 and .2 per cents of 2,4-D, compar- 
able plots were given double treatments, allowing, however, several 
hours of drying time between applications. No sprays of the .4 per cent 
concentration of 2,4-D, however, were applied. Treatments in series 
8 were made only on June 3 and July 26. 

The .1 and .2 per cent sprays of 2,4— D were prepared by dissolving 
1 part of 2,4-dichlorophenoxyacetic acid into 6.3 parts of melted carbo- 
wax 1500 and dispersing this solution in the required amount of water, 
while the sprays of .4 per cent 2,4-D were prepared by dissolving the 
water soluble A-510 (70 per cent 2,4-D) power directly into water. 
All sprays were applied at the rate of 3 gallons for 1 square rod in a 
knapsack sprayer. 

Estimates were made on the amount of cover growth of poison ivy, 
honeysuckle and miscellaneous plants for each plot before treatment 
and on June 9 of the following year. The conditions and results of the 
treatments are summarized in Table III. Moisture was very ample, 
and particularly favorably for plant growth in the Washington area 
during the 1945 season. 

Honeysuckle usually proved very sensitive to 2,4— D causing a gen- 
eral yellowing and wilt of the foliage about 1 week after treatment, fol- 
lowed by more or less complete defoliation about 2 weeks later. The 
foliage of poison ivy, when sensitive to 2,4-D, gradually turned yellow 
during about the first 2 weeks after treatment, and was followed by 
more or less complete defoliation during the next 2 weeks, part of the 
foliage often turning brown before falling. 

The time of applying 2,4-D and the rate of application usually ap- 
peared important factors in the control of honeysuckle, while with poi- 
son ivy individual plot differences appeared more important. Poison 
ivy in series 7 showed no control in six of eight plots treated with 2,4-D 
at concentrations of .1, .2 and ,4 per cent. Plots 6 and 9 in this series, 
however, treated at concentrations of A and .2 per cent,* showed 42 
and 9 per cent control, respectively. In the same series, honeysuckle, 
however, was controlled 100 per cent by 2,4-D applied at .4 per cent 
on June 9, while .1 per cent applied at the same time provided only 19 
per cent control. 2,4-D treatments applied July 26 or September 13 at 
concentrations varying from .1 to ,4 per cent controlled honeysuckle 
17 to 63 per cent, the degree of control, however, showing no correla- 
tion with the rate of application. 

In series 8, poison ivy was found much more effectively and consist- 
ently controlled by 2,4-D than in series 7, the rate of application, how- 
ever, having little effect on the results. Single and double treatments 
of 2,4-D at .1 and .2 per cent, applied June 9 controlled poison ivy 52 
to 80 per cent, while similar treatments applied July 26 provided 70 to 
97 per cent control. The double treatments of 2,4-D showed no ad- 
vantage over the single in the control of poison ivy. 

Ammonium sulfamate and borax were more effective in controlling 
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TABLE III — Comparative Treatments of 2,4-D, Ammonium Sulfamate, 
AND Borax for Control of Poison Ivy and Honeysuckle 


Plot 

No. 

Treatment 

Per Square Rod 

Date 

Treated 

Plant Cover 
Before Treatment 

Control 

Jul 12, 1945 

Poison Ivy 
(Per Cent) 

Honeysuclde 
(Per Cent) 

Misc. Plants 
(Per Cent) 

Poison Ivy 
(Per Cent) 

Honeysuckle 
(Per Cent) 

7-1 

3 gals .1 per cent 2,4’'D 

Jun 9, 45 

30 

68 

2 

0 

19 

7-2 

3 gals .2 per cent 2,4- D 

Jun 9, 45 

32 

66 

2 

0 

98 

7-3 

3 gals .4 per cent 2,4-D (A-510) 

Jun 9, 45 

30 

68 

2 

0 

100 

7-4 

3 gals .1 per cent 2,4-D 

Jul 26. 45 

30 

68 

2 

0 

63 

7-5 

3 gals ,2 per cent 2,4-D 

Jul 26, 45 

65 

32 

3 

0 

53 

7-6 

3 gals .4 per cent 2,4-D (A-510) 

Jul 26, 45 

60 

36 

4 

42 

60 

7-7 

Check 


65 

32 

3 

0 

0 

7-8 

3 gals .1 per cent 2,4-D 

Sep 13, 45 

60 

38 

2 

0 

53 

7-9 

3 gals .2 per cent 2,4-D 

Sep 13. 45 

55 

30 

15 

9 

17 

7-10 

Check 


35 

40 

25 

0 

0 

8-1 

3 gals .1 per cent 2,4-D 

Tun 9, 45 

85 

0 

15 

52 

— 

8-2 

3 gals .1 per cent 2,4-D X 2 

Jun 9, 45 

87 

0 

13 

60 

— 

8-3 

3 gals .2 per cent 2,4-D 

Jun 9, 45 

75 

0 

25 

80 

— 

8-4 

3 gals .2 per cent 2,4-D X 2 

Jun 9, 45 

95 

0 

5 

71 

— 

8-5 

Check 


90 

0 

10 

— 

— 

8-6 

Amm. sulfamate VA lbs/3 gals HjO 

Jun 9, 45 

92 

5 

3 

97 

0 

8-7 

Borax, 10 lbs 

Jun 9, 45 

60 

30 

10 

97 

97 

8-8 

3 gals .1 per cent 2,4-D 

Jul 26, 45 

75 

0 

25 

96 

— 

8-9 

3 gals .1 per cent 2,4-D X 2 

Jul 26, 45 

95 

0 

5 

92 

— 

8-10 

3 gals .2 per cent 2,4-D 

Jul 26, 45 

90 

0 

10 

70 

— 

8-11 

3 gals .2 per cent 2,4-D X 2 

Jul 26, 45 

95 

1 

4 

71 

— 

8-12 

Check 


70 

25 

5 

0 

0 

8-13 

Amm. sulfamate lA lbs/3 gals HaO 

Jul 26, 45 

40 

55 

5 

lOO 

0 

8-14 

Borax, 10 lbs 

Jul 26. 45 

80 

15 

5 

90 

0 


poison ivy than the 2,4~D treatments applied June 9, while in the 
treatments applied July 26, only ammonium sulfamate was more ef- 
fective, Both treatments of ammonium sulfamate showed no evidence 
of controlling honeysuckle, while borax was effective in controlling it 
only in the treatment applied June 9. 

Comparison of Fail Treatment of Ammonium Sulfamate During 
Dry and Moist Seasons in the Control of Poison Ivy: — ^The relatively 
poor control of poison ivy by ammonium sulfamate applied September 
14, 1944 as compared to similar treatments applied earlier in the season 
made it appear that the retarded growth caused by lateness of the sea- 
son and the drought were probably important factors in the results 
obtained, Yeager (2), in New Hampshire, found amnionium sulfamate 
was progressively less effective in controlling poison ivy in treatments 
applied September 18 and October 5, as compared to treatments ap- 
plied in July and August. 

Soil moisture was very plentiful in Washington during the 1945 
season as compared to the previous dry season. As it seemed desirable 
to know if the unfavorable soil moisture in 1944 had been a limiting 
factor in the poor control of poison ivy by ammonium sulfamate ap- 
plied on September 14, the test was repeated in 1945 on September 13 
at two different locations. Inspection of these plots on June 4, 1946 
showed that all but a trace of the poison ivy growth had been killed by 
the treatment. These results indicate that poison ivy can be effectively 
controlled by ammonium sulfamate late in the season, provided soil 
moisture conditipns are favorable for growth. 
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1945 Fall Treatment of 2,4-D 

As 2,4-D had appeared very promising in controlling honeysuckle 
in the spring and summer applications of 1945, it was decided to test 
this material for controlling honeysuckle growing in and among trees 
and shrubs, late in the fall of the same year. The main object of testing 
2,4~D under the above conditions was to learn if tliis herbicide was 
effective in controlling honeysuckle, a semi-evergreen, when still in 
full foliage, while at the same time not injuring the deciduous plants 
which had dropped their foliage. 

Two plots of heavy honeysuckle growth, located side by side, and 
containing 1,000 square feet each, were selected for the test. Honey- 
suckle growth was present to a moderate extent in trees and shrubs in 
the plots. On November 1, spray treatments of .2 and .3 per cent 2,4-D 
were applied, respectively, to the honeysuckle growth in each of the 
plots. The sprays were prepared from the potassium salt of 2,4--D. Ten 
gallons of spray were applied to each plot by a small power sprayer. 
The treatments were applied during a period of warm weather. The 
spray tests were conducted in cooperation with Dr. Fanny-Fern Davis, 
Turf Consultant of the National Capital Parks. 

Observations made July 3, 1946 on the results of the treatments 
showed that both the .2 and .3 per cent sprays were about equally effec- 
tive, providing about 82 per cent control of honeysuckle in each plot. 
Unfortunately, both treatments proved highly injurious to some of the 
trees and shrubs in the plots. The .2 per cent spray severely injured or 
killed six Sassafras albidim trees of trunk diameters lj4 to 2 inches, 
injured or killed a moderate amount of twigs in four Diospyros vir- 
giniana L. trees and two shrubs of Elaeagmis umhellata Thumb. The 
.3 per cent spray caused local stunting and curling of foliage on one 
tree of Acer rubrum of trunk diameter of J^-inch and one tree of 
Cornus florida L. of trunk diameter of 8 inches. No deciduous trees or 
shrubs in either plot escaped injury from the spray treatments. How- 
ever, a total of 19 Finns vir giniana Mill., and five Jtmiperus vir giniana 
L. trees, having trunk diameters of 2 to 6 inches in both plots which 
also had been exposed to the 2,4-D treatments, were not injured. 

Discussion 

Ammonium sulfamate applied dry at 1J4 pounds, in pounds of 
sand for 1 square rod, was found to be the most satisfactory treatment 
for controlling poison ivy. The dry treatment not only provided ef- 
fective control of poison ivy, but also caused practically no injury to 
the surrounding young trees, although some of the herbicide must have 
touched at least part of their foliage but apparently had not adhered 
sufficiently to cause more than negligible injury. The wet treatment of 
ammonium sulfamate, while proving equally as effective as the dry in 
controlling poison ivy, however, was very injurious to the surrounding 
vegetation, destroying practically all foliage touched by the spray, and 
often causing die-back of their twigs in the case of woody plants. It was 
found that ammonium sulfamate could be applied effectively for con- 
trolling poison ivy from June 3 to the middle of September, the later 
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treatments, however, apparently requiring favorable soil moisture for 
growth, to be effective. Neither the wet nor dry treatment of ammonium 
sulfamate were effective in controlling honeysuckle, which may possibly 
be related to the dry season, as under more favorable soil moisture 
conditions the writer has observed ammonium sulfamate to control 
honeysuckle effectively. 

Borax applied at the rate of 10 pounds per square rod was usually 
the most effective treatment for controlling honeysuckle, although the 
results sometimes were erratic. Borax proved injurious to tree growth 
in or near the treated plots for at least 1 or 2 years after treatment. 

The 2,4— D treatments were often erratic in their control of poison 
ivy and honeysuckle, appearing very effective under some conditions 
and relatively ineffective under others. Individual plot differences often 
appeared more important in the effectiveness of the treatments than 
either dosage or time of treatment. 

The 2,4-D applied to honeysuckle in trees and shrubs on November 
1, although resulting in fairly effective control of the honeysuckle, was 
found highly unsatisfactory, because of the injury it caused to the sur- 
rounding deciduous growth. Most of the injured trees had lost all their 
foliage at the time the spray treatments were applied, which indicated 
that 2,4-D apparently had been absorbed through the buds and tender 
bark, or both. Pirone (9) has demonstrated that 2,4-D may be ab- 
sorbed through dormant buds of Norway Maple, Acer plata7ioides L., 
causing serious distortion of their developing leaves. 

Summary 

This paper presents studies conducted by the writer on the control of 
poison ivy and honeysuckle by chemical treatments in the National 
Capital Parks in Washington, D. C., 1944 to 1946. 

The chemicals consisted of ammonium sulfamate, borax, and 2,4-D 
in the form of the acid, the potassium salt and Dow’s A-SIO water 
soluble 2,4-D product. 

Poison ivy was found to be effectively controlled by ammonium sul- 
famate, borax and 2,4-D under some conditions and not under others. 

Honeysuckle was found to be effectively controlled by borax and 
2,4— D under some conditions and not under others. 

Ammonium sulfamate applied wet or dry was about equally effective 
in controlling poison ivy. 

The dry treatment of ammonium sulfamate caused relatively little 
or no injury to young trees in the treated plots. 

The wet treatment of ammonium sulfamate, borax and 2,4-D were 
usually very injurious to young trees. 
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Polyploidy in Fruit Improvement 

By George M. D arrow, U. S. DepaTiment oj Agriculture , 
Belt smile', Md, 


I N the early 1920’s certain little-grown red raspberry varieties which 
I was then using in breeding had very (stout canes with notably 
broad and thick leaves. Their leaves seemed more resistant to disease 
than many related varieties then widely cultivated. This character made 
them desirable for parental stock.^ However, when crossed with the 
more common varieties the seedlings produced were relatively sterile. 
In 1923, Longley (19) found that the common varieties of raspberry 
had 14 chromosomes in each of their somatic or vegetative cells ; that 
is, they had two sets of seven chromosomes and therefore were diploids. 
On further examination he discovered that the stout-caned, broad- 
and thick-leafed group had four sets, or 28 chromosomes per cell, and 
that the hybrids between these and the common varieties had three 
sets, or 21 chromosomes, per cell. Both of these latter types are classed 
as polyploids — forms in which three or more basic sets of chromosomes 
occur in the somatic cells. The one with four sets is called a tetraploid ; 
that with three sets is classed as a triploid. It was further found that 
the relative sterility of the triploid hybrids was a result of an unbalanced 
chromosome system. Thus, over a quarter century ago I was forced 
to take polyploidy into account in breeding programs — ^and it has been 
an ever-present factor in research on the fruits with which I have since 
worked. 

Having found such a condition in raspberry, Longley (17) made a 
chromosome survey of the strawberry where similar problems had 
appeared. In that fruit the native wild woodland strawberry (Fragaria 
vesca var. americana) was found to be diploid, an open-woodland wild 
strawberry of central Europe (F. moschata) was found to be hexaploid, 
while our common wild meadow strawberry (F. mrginiana) and all 
cultivated garden strawberries were octaploid, with eight sets of 
chromosomes. 


Longley (16) had previously surveyed the blackberries and found a 
polyploid series ranging from 2 to 12 sets of chromosomes. He also 
surveyed the blueberry group (18) for F. V. Coville and found three 
groups : diploid, tetraploid, and hexaploid. 

Imthe raspberry, the tetraploids have strong stocky canes with large 
thrifty leaves in comparison with the diploid.(In the strawberry, the 
hexaploid is sturdier than the diploid, and the octaploid stronger than 
the hexaploid. In the blueberry, tetraploids and hexapl^^S of the s^e 
species-group are generally sdmewhat more vigorous tlwi tte diploids. 
In the bladcberry tfiere are strong-growing species in each'^romoscme 


b^r a vetT diijerent relationship to the diploid blackberries it<m l^t 
of the tetraploid, raspberries or blueberries to 'their respective 
true ^ effect of .polyplp^y^^^the 
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of the relationship of the polyploids to the lowcr-chrumosome species 
and forms in that group. 

The story of the evolution of the groups from which our small fruits 
liave been derived is shrouded in the mist of the geological past. A 
botanical friend of mine, particularly interested in such things, informs 
me that each year evidence is being uncovered, indicating that flowering 
plants were present much longer ago than we have been suspecting. 
There is excellent evidence that, could we have walked about in the 
land a million years ago, we would have found many plants much as 
they are today. There would have been quite recognizable strawberries ; 
various blackberries would have been present, among them the direct 
ancestors of our present western trailing sorts as well as the eastern 
forms ; and the blueberries already would have been sorted out into 
various lowbush and highbush kinds. 

There is little question that some of these strawberries, blackberries, 
and blueberries of a million years ago were almost identical with some 
now living in our woodlands and meadows, and near moist seepages 
and streams ; yet could we compare those with the living we also would 
be able to detect another series of changes. Some of these changes have 
been very slow — the gradual evolution which one might expect over a 
long period of time. But had we been present throughout the period 
and able to watch these changes, it also would have been evident that 
evolution did not always proceed at a steady pace, for outside factors 
often influence and accelerate the development of new and different 
sorts. There is excellent evidence that, in the blackberries there has 
been a fairly recent and extremely rapid development of new forms — 
even within the last 200 years ; the blueberries also have been evolving 
for a very long time, but certain types seem to have appeared only 
within the last century, and there is abundant evidence that newer 
forms are currently being evolved in the wild. The majority of these 
are polyploids (7). 

A review of what hasdiappcncd and is happening in these fruits is 
especially timely because of Waldo’s work (24) on the origin of the 
Logan and Mammoth blackberries reported to this Society 2 years ago ; 
because of the report on ‘‘giant’* apples at the wSame meeting ; and be- 
cause of the recent woi’k of Bain and Dermen (10) in producing 
tetraploid cranberries. The methods of nature through the ages are 
beginning to be better understood, and methods are being used to for- 
ward fruit improvement (for man’s use), so that as much can now be 
accomplished in breeding plots in a few years as by chance in a hundred 
thousand or a million years under the slow hand of time. 

Strawberry 

The geologically ancient ancestors of our modern strawberries were, 
of course, diploids. A basic diploid, Fragaria vesca, still occurs in many 
parts of the northern hemisphere in a series of forms (and under vari- 
ous names) ; it still is the most widespread native strawberry ; it is 
also now present naturalized or native in the Andes Mountains and 
other parts of the temperate southern hemisphere. It seems likely that 
other ancestral diploids once were present ; extensive and detailed 
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exploration may yet uncover additional living forms. Today, there 
occurs sporadically in central Europe another, a hexaploid strawberry, 
F. moschata. It resembles the diploid F. vescct; its flowers and berries 
are somewhat larger, but its flowers are not always fertile. It is our 
supposition that the material called F. moschata originated through the 
union of normally reduced pollen grains with unreduced eggs, which 
resulted in triploid plants. These autotriploids apparently did not have 
the necessary fertility to survive for any great length of time as natural 
populations. But when such triploids double their chromosome number, 
liexaploids would be produced, and these would be sufficiently fertile 
to persist, at least locally; The sporadic nature of the present distribu- 
tion of the wild F. moschata lends support to this hypothesis ; it ap- 
pears to be a semi-fertile species that arose out of the more common 
and widespread diploid F. vesca. It is what the botanist calls a polytopic 
species, a species that arose at various times and in various places from 
a common ancestor. There is every reason to suspect that new, local, 
liexaploid populations of F. moschata may still be arising; but, because 
of their low fertility, they rarely would be able to form effective natural 
populations. Some of these sporadic local races have been selected ; and 
named varieties are occasionally found in European gardens. 

, Our cultivated strawberries are octaploids and, we must suppose, 
also have evolved from diploid ancestral forms, possibly as autopoly- 
ploids from the same Fragaria vesca, but more probably as allopoly- 
ploids from two or more allied species now extinct. There are three 
known octaploid species: F. virginiana, our eastern meadow straw- 
berry ; F. ovalis, the western field strawberry ; and F. chiloensis, the 
Pacific beach strawberry — and all enter into cultivated varieties, though 
the western field strawberry but a little and that only in recent years 
(5, 15), These three species are all North American, but the beach 
strawberry is also found in Chile and on the tops of the mountains in 
Hawaii. Recent reports indicate that related octaploid forms may 
exist on the mountains of the Island of Formosa and of southwest 
China. ’Though the diploid ancestors are probably extinct, we may 
yet find iorms related to F. vesca from which by crossing, followed by 
doubling and redoubling of the chromosome sets, we can reconstruct 
species similar to each of the present octaploid wild specie§^ 

Be that as it may, with such a view of the origin of our strawberries 
we can utilize much better what we have. *^hus, Dernien doubled the 
chromosome number of Fragaria vesca (11). This experimentally in- 
duced tetraploid was crossed with the octaploid garden strawberry; 
the result was a series of hexaploids. These hexaploids were^ nearly 
sterile but were back-crossed to octaploid garden strawberries and 
some fertile seedlings were obtained. These fertile seedlings were found 
to be 7-ploids and 10-ploids; it is a pleasure to record that they pre- 
serve the desirable fragrance of the vesca parent.'^Such success in- 
dicates the satisfaction of work with the strawberry and suggests that 
only pioneering work has as yet been done. 

Blackberry 

The blackberry fiirnishes a notable instance of a polyploid series in 
both wild species and cultivated varieties. Varieties are actually in 
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cultivation that make up a polyploid series of 2, 3, 4, 6, 7, 8, 9, and 12 
sets of chromosomes (6, 14), Representatives of all of these except 
the 3-, 7-, and 9-ploid forms have been selected from the wild. There 
are reasons to believe that many species of this native polyploid series 
are fairly ancient. Polyploidy has been effective in the evolution of 
blackberry for a long time, both in this country and in Europe, and is 
probably particularly effective today. Here in the Eastern States, since 
the forests have been cleared, there are diploid, tctraploid, and hexa- 
ploid species growing side by side — and bees are making their hun- 
dreds of millions of cross pollinations each year. Tens or hundreds 
of thousands, or millions, of these crosses arc between species with 
different chromosome numbers, and from these crosses new forms are 
continually arising. Furthermore, from the relatively few crosses made 
by scientists, Waldo has recently selected the 9-ploid Cascade variety 
which, in addition to being the finest flavored of all blackberries yet 
known, also must be considered a new species and a new polyploid 
type (23). Recently, also, he has crossed the tetraploid Eldorado 
variety with an octaploid native blackberry and thus produced a whole 
population of hexaploids constituting what amounts to a new species 
of the Mammoth type (24). Crane and Thomas in England (2) have 
produced a thornless tetraploid blackberry, Merton Thornless, which 
we can cross with hardy American tetraploids, thus opening up addi- 
tional possibilities. 

In the blackberry, there are still many problems in polyploidy 
awaiting solution, A notable one concerns the widespread very hardy 
thornless blackberry, Rtibus canadensis. We would like to use it in 
breeding but, thus far, have not been able to do so. Though a wide 
ranging species, it is triploid everywhere insofar as is known. Bailey 
(1) has surveyed the forms related to it and described some 17 of the 
numerous forms of it which occur in the wild. It may well be that a 
diploid, a tetraploid, and even a hexaploid may be found among them 
that would be extraordinarily useful to breeders in getting thornless 
blackberries. 

Raspberries 

I have told of being forced into a position of intcrCvSt in the polyploid 
condition of the raspberry. The discovery of the usefulness of colchicine 
in producing polyploids led to tests of its use on raspberry seedlings, 
on growing points, and on root cuttings. Treatment of very young 
seedlings was successful in producing polyploids, l)ut during the war 
period they were lostylNTevertheless, we have in colchicine a new tool 
to make polyploids if we need them badly enough. There are upward 
of 200 species of raspberries in Eastern Asia with new horticultural 
qualities that have never been utilized in breeding. If they do not prove 
fertile in intergroup hybrids, possibly they may if tetraploidy is induced 
by the use of colchicine. In each such tetraploid it is possible that the 
plant will function as a diploid (technically called an amphidiploid or 
amphiploid) and fertility will thus be restored. The opportunities are 
there. The small number of tetraploid red raspberries found by breed- 
ers during recent years seems to indicate that in this fruit polyploidy 
is just becoming established ; that we are sitting on the side lines and 
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seeing a major advance in the horticultural evolution of this fruit, 
Crane and Lawrence (3) suggest that polyploidy in the red raspberry 
has begun only within the past 80 years. 

Waldo (24) has been successful in using one tetraploid raspberry 
in crossing with octaploid blackberries and has produced a whole new 
series of Loganberry-like fruits. Crane (4) in England had already 
shown that ordinary reduced pollen of a diploid raspberry would not 
do in such a cross, that two sets of raspberry chromosomes were 
needed with four sets from the blackberry to make a Logan-like fruit. 
These Logan-like berries constitute a new hexaploid species, which 
has been named Rubus loganobaccus by Bailey. It came into existence 
in 1880 or 1881 when an insect made the cross and Judge Logan 
planted the seed from which the first Loganberry came. Theoretical 
considerations indicate that a similar cross of a tetraploid raspberry 
with a 12-ploid blackberry would be fertile' and might also be of great 
value. It would likely be an octaploid and would constitute another new 
species type. But most of all we need both hardier tetraploid rasp- 
berries and hardier octaploid blackberries to hybridize to produce 
hardier Logan-types. 

Blueberry 

The development of the blueberry has occurred within the lifetime 
of most of those present. But the development of the blueberry as a 
fruit has occurred through millions of years, and polyploidy has played 
a large part in the process. The cluster-fruited blueberries in which 
scientists are interested are mostly eastern North American. There 
are about seven or eight diploid species, seven or eight tetraploid 
species, and three hexaploid species. It is particularly interesting to 
find both diploids and tetraploids of several of the same types of blue- 
berries still growing in the same areas. Evolution in the wild is very 
active in this fruit today, just as it is in the blackberry. Several blue- 
berry species are important in that their fruit is harvested in the wild, 
but those that have been most important in the origin of cultivated 
varieties are the tetraploid highbush, mostly of the Atlantic Coastal 
region, the tetraploid lowbush of the Northeast, and the hexaploid 
rabbiteye of southern Georgia and northern Florida. 

In the Southern States one ancient species is the diploid Vaccinium 
fenellum, a low-bush drought- and heat-resistant form. In part from 
this species and also from a series of common ancestral species the 
drought- and heat-resistant hexaploids V. amoenum and F. ashei (the 
rabbiteye) have evolved — ^the rabbiteye with the most vigorous and 
productive bush of all blueberries. The hexaploid V, amoenum is 
widely distributed in the southern States and may have evolved be- 
fore the Ice Ages from the diploid V, tenellum. The hexaploid rabbit- 
eye appears to be younger, seemingly having developed, in part, only 
within the last 15,000 to 20,000 years, much of this development hav- 
ing taken place only within the last century. The majority of the plants 
of it found in western Florida grow in what were rice fields, which 
the rabbiteye* blueberry invaded when the plantations were abandoned 
during the war between the states. We have found no tetraploids of 
the rabbitey^ group. We, therefore, crossed the diploid with the hexa- 
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ploicl and this past year have o1)tained a tctraploid ; this has already 
been used to cross with the highbush to obtain hyl)rids with the earli- 
ness of the highbush and the plant qualities of the i*abbileye. Though 
we have experimentally produced a new and, wc ho])e, very useful 
species just this past year, it is hardly possible that nature has not al- 
ready evolved this or closely similar species, for the hexaploid and 
diploid species are growing together in the South. As occurs so often, 
we have not sufficiently surveyed what nature has done for us and, 
in this case, have found it easier to make what we want. 

Stanley Johnston surveyed the lowbush blueberry of Michigan to 
select the best individuals for crossing with the highbush. Among the 
selections was Michigan lowbush No. 1. It seems to be, however, what 
we had been searching for — a tetraploid hybrid involving genes both 
of the very hardy light blue Canadian blueberry, Vaccinium myrtil- 
loideSj and of the lowbush species. It is probable that an unreduced 
pollen grain of the diploid Canadian blueberry fertilized a normal egg 
of the tetraploid lowbush to produce the Michigan No. 1, or its ances- 
tor. At any rate, in this selection, or in others yet to be discovered, we 
should find some of the desirable qualities of this Canadian blueberry 
species which we wish to utilize in breeding. 

Cranberry 

There are at present three recognized species of cranberry in the 
world ; two are diploid and the third is tetraploid. As in the case of the 
blueberry, the diploid and tetraploid cranberries do not cross. The 
large acreages of cultivated varieties are now composed entirely of 
diploids, derived from the southernmost species. A more northerly 
and hardier species is tetraploid. To cross the commercial diploid 
varieties with the wild tetraploid, Dermen and Bain proceeded as 
follows: they used colchicine to produce tetraploids of a majority of 
the cultivated varieties ; these were then crossed with individuals of 
the more northerly wild tetraploid. The induced tetraploids of the 
cultivated varieties have been crossed and selfed, and these arc now 
in the field for fruiting tests. The results are most promising. As yet 
there has been no opportunity to cross the extremely hardy high-arctic 
diploid species with the southern, commercial diploid varieties. When 
this is done, the best of the resultant hybrids could then be changed 
into tetraploids by the use of colchicine ; following this the material 
then could be hybridized with the best of the new tetrajdoid races now 
undergoing field tests. The final selections would probably be a scries 
of new super-hardy cranberries. 

Grapes 

With the experience with small fruits, briefly described above, our 
interest has been greatly aroused by the reports of Olmo (21) on his 
observations and studies on tetraploid grapes and by the samples of 
tetraploids of both Portland and Fredonia varieties seen during the 
past 3 years.\The clusters of the tetraploid forms of these two varieties 
were fully developed and the berries almost exactly twice the weight 
of the corresponding diploids. The size and character of tetraploids 
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of varieties, and Olmo’s report on the very large size of berries of his 
seedling tetraploids, indicate that breeding of grapes on the tetraploid 
level may be of immediate value in obtaining very large-fruited com- 
mei'cial varieties. 

Apples 

Commercial apple and pear varieties are either diploid or triploid. 
Triploid apples and pears are exceptional among fruits in being suf- 
ficiently productive to become important varieties, though they develop 
few seeds, require cross-pollination, and are poor pollinators. The 
triploid apple varieties such as Baldwin, Stayman Winesap, Arkansas, 
and Rhode Island Greening, have all been chance seedlings. They 
develop into large excellent trees, and we would like to produce 
triploids at will in breeding. 

Nilsson of Sweden has reported (20) obtaining tetraploid seedlings 
from triploid varieties and has already used the tetraploids extensively 
in breeding to obtain thousands of triploids and some additional tetra- 
ploids.; 

Giant-fruited apple “sports^* have been collected by V. R. Gardner 
and Roy Gibson at the Graham Station, Michigan, and W. H. Thies 
lias propagated a “giant” McIntosh at the Massachusetts Station. 
These and other facts with the small-fruit experience as a background 
suggested that giantism in the apple is due to tetraploidy. Studies by 
Dernien (8, 9) and by Einset (12, 13) have shown this to be the case. 

It has been demonstrated that many of the trees producing the “giants” 
are chimeral diploid-tetraploid mixtures having a tetraploid cortex, 
stele, and pith of the trunk and branches inside a diploid epidermis, 
and a diploid outer cortex. The origin of the reproductive tissues is 
from the diploid outer cortex; however, Dermen is now attempting 
to make full tetraploids of all the “giant” varieties through adventitious 
bud development, so that breeding may be done on the tetraploid level 
with our best varieties, or so that tetraploids of known varieties may 
be crossed with diploids to make triploids. 

Pears, Peaches, and Cherries 

Most American pears are diploids, but many triploid varieties are 
grown in Europe. Two giant sports, both tetraploids, have recently 
been reported — one of Bartlett in the United States and one of Fer- 
tility in England. 'QThe variety Fertility is self-sterile on the diploid 
level but self-fertile as a tetraploid. By the use of colchicine, Dermen 
has obtained tetraploids of the Michigan No. 504 pear and some others, 
has used the tetraploid No. 504 in a limited amount of crossing with 
diploids, and has obtained a dozen triploid plants."^ 

In the peach, until recently, only diploid varieties have been known 
However, tetraploids of the Golden Jubilee, Halehaven, and Flberta 
varieties, and of an unnamed selection, have now^ been obtained by the 
colchicine technique ; when they blossom, breeding can hegm on the 
tetraploid level. ,One chance triploid peach has proved to be com- 
pletely sterile, although it appears to have some good pollen. 

The sweet cherries are diploid, the sour cherries tetraploid, and the 
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dukes, supposed hybrids between the sweet and sour, also are telra- 
ploids. How the tetraploid dukes originated from tctraploid x diploid 
parents is not yet fully known. However, it is known that unreduced 
pollen is produced at times. 


Discussion 

In review, then, it should be noted that ways have been found to 
combine the fragrance of the diploid Frac/oria vesca with the other 
good qualities of the cultivated octaploid strawberry.' A needed type 
of tetraploid blueberry has been made to order. The origin of the Logan 
and Mammoth blackberries has been determined and many new Logan- 
and Mammoth-type berries originated. A tetraploid thornless black- 
berry is now available for producing hardy new thornless ones. The 
new 9-ploid Cascade blackberry, the finest in flavor of all known 
varieties, is now being grown in the Pacific Nortlwest. And the hardi- 
ness of a more northern tetraploid cranberry has been combined witli 
the horticulturally better diploid varieties on the tetraploid level. There 
is still a wealth of wild forms not yet surveyed that will furnish the 
superior genes for the production of much finer fruits. 

In this summary of the polyploid condition of fruits it becomes evi- 
dent that, in many of them, polyploids are much superior to diploids 
and have already replaced the diploids wholly or in part, occasionally 
in nature and often in cultivation. The advantages of cultivated poly- 
ploids are evident. Octaploid strawberries are many times larger and 
more productive than the diploids. Tetraploid and hexaploid blue- 
berries are larger berried than the diploids. Most of our cultivated 
blackberry varieties are tetraploids, selected from the wild for their 
size, self-fertility, productiveness, and flavor^ Fruit of tetraploid grapes, 
apples, and pears are much larger than the diploid forms. vSelf-sterility 
of the diploid in some instances at least is replaced by self-fertility in 
the polyploid. The vigor of many polyploid plants is an expression of 
better adaptation to their present environment, as, for example, greater 
drought- and heat-resistance, better utilization of soil fertility, or deeper 
root system of the octaploid strawberries, as compared with the diploid 
forms. The tree of triploid apples is generally more vigorou.s and the 
branching stronger than that of the diploids. ? 

There is, at present, some objection on the part of the consuming 
public to these larger fruits produced on biologically more efficient 
plants, XThe greatest complaint is that they lack the flavor of the 
smaller, old-fashioned sorts, most of which we now know were diploids. 
This is not the fault of the polyploid condition; it goes hack to the 
ancestral material used. For example, let us keep in mind that the 
genes of the diploid Fragaria vesca, probably the most highly flavored 
of the wild species, did not directly enter into the makeup of the octa- 
ploid commercial strawberries; this has now been accomplished by 
breeders. It is equally true that the first of the polyploid blueberries 
introduced into cultivation did not carry the fine flavor of some of the 
wild sorts. In the early years of blueberry breeding it was not possible 
to produce the proper combinations. With the newer techniques the 
necessary polyploids have been produced with a level of flavor satis- 
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factory to the taste of the most discriminating consumer. The new 
blueberry varieties now being introduced are evidence of what can be 
done in controlling this important fruit character. 

The more we know of how polyploidy operates to produce new 
species and varieties, the better we shall be able to use polyploidy as a 
means of improving our fruits. 

I Polyploidy induction is another tool to be used by breeders along 
with hybridization to obtain improvements desired. The effects most 
often obtained through polyploidy are broader, thicker leaves, larger 
flowers, larger fruits and fertility of hybrids not fertile as diploids. 
Other desirable qualities may also be obtained, but thus far cannot 
be predicted. Polyploidy in nature has been associated with hybridi- 
zation. Hybridization followed by doubling the chromosome number 
has given us most of our fruits. ^ 

It has been suggested that plants with basic chromosome numbers 
of 10 and higher may be of polyploid derivation (22). If this be true, 
only the peach, apricot, sweet cherry, raspberry, and a few blackberry 
varieties are not of polyploid origin. The apple, pear, and quince are 
now considered polyploids derived from crosses of 8- with 9-chromo- 
some forms, with subsequent doubling of the chromosome number. 
The apple, pear, and grape may all be thought of as ancient polyploids. 
It may not be an impossibility to construct other new fruits from inter- 
generic crosses rather than just interspecific ones. 

’ We have learned just a little of the effect of polyploidy on our culti- 
vated fruits ; but that little is good and indicates the possibilities ahead. 
Also, we have learned more of the ways in which diploids can be 
transformed into tetraploids and of how even higher polyploids can be 
produced. Though progress may not seem to be so rapid with these 
slower developing woody plants as with annual crops, very significant 
and important developments are being made. \ 

In this very brief review of polyploidy in relation to fruit improve- 
ment, the viewpoint has been that of a builder surveying the pos- 
sibilities in his material and the usefulness of his tools. The pile of 
material is enormous. There seem to be no unsurmountable barriers 
to the use of any of the material. Many tools are now available to 
fashion this material so that he can build exactly as he wishes. The 
only limits are his blueprint, his time, and his industry. 
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